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INTRODUCTION 
Reed canarygrass, Phalarls arundlnacea L., has many of the attributes 
desired In a forage grass. It Is widely adapted, relatively high In 
disease resistance, vigorous, hardy, high In forage yield and makes good 
aftermath growth. At the present time, the species is used mainly In 
low-lying wet areas. However, It has also been found to be well adapted 
on upland sites and Is one of the most drought-tolerant of the cool season 
grasses. 
On the other hand, reed canarygrass does have some undesirable traits 
including low seedling vigor, tendency to shatter seed, and questionable 
palatability. The goal of developing high yielding strains possessing 
the desirable attributes characteristic of the species and with Improved 
palatability, seed shattering resistance and high seed quality, presents 
a challenge to the forage breeder. 
The amount and type of variability present in the population under 
consideration is of primary concern when outlining a breeding program. 
Preliminary studies designed to determine the magnitude of the genetic 
and environmental variance, as well as the relative importance of the 
additive and nonadditive effects for the various characters, would be of 
value. The degree of relationship among the various characters could 
also influence the results of any breeding procedure and should therefore 
be examined. 
The objectives of this study were to investigate the variability in 
dry matter yield, percent crude protein and palatability among reed canary­
grass clonal lines and their topcross progenies subjected to two clipping 
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management systems designed primarily to cong)are two growth accumulation 
periods for the third (fall) cutting. Heritabilities in the broad and 
narrow sense as well as parent-progeny correlations were computed. Simple 
correlation coefficients were utilized to study the association among 
characters. Fischer smooth bromegrass. Sterling orchardgrass, loreed 
reed canarygrass, and Alta tall fescue were included for comparative 
purposes. Biqphasis was placed on the fall growth in order to evaluate 
these species for possible use in extending the fall grazing season. 
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REVIEW OF LITERATURE 
Reed Canarygrass 
Reed canarygrass, Phalaris arundinacea L., is a widely distributed 
and adapted species. Schoth (1929) reported that it was found in the 
United States from the New England States westward to the Pacific Coast 
and as far south as Tennessee. Reed canarygrass is native to the temperate 
portions of Europe, Asia and North America. According to Anderson (1961), 
the species has been found throughout most of the northern hemisphere and, 
as introductions, on all of the continents in the southern hemisphere 
except Antarctica. 
Schoth (1929) reported that, in the United States, reed canarygrass 
was first cultivated in the Coquille Valley of Coos County, Oregon about 
1885. There are indications (Arnv et al.. 1929; Schoth, 1929; Alway, 
1931) that the species was cultivated in England in 1824 and in Germany 
about 1850. According to Trumble (1933), reed canarygrass was evidently 
in general use as a fodder plant in southern Sweden as early as 1749. 
Agronomic characteristics 
Reed canarygrass is generally considered to be adapted to marshes, 
river banks and moist places; however, Hilkins and Hughes (1932) found 
it to be more drought resistant than 12 other grasses including smooth 
bromegrass and orchard grass. Similar results were obtained by the 
Illinois Agriculture Experiment Station (1937). They observed that reed 
canarygrass withstood drought better than the other grasses under test 
and was the only one to make active vegetative growth during July of a 
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dry year. 
According to Evans and Ely (1941) reed canarygrass. In contrast to 
smooth bromegrass, was not winter hardy at College, Alaska 64° 51' north 
latitude. They also observed that leaves of reed canarygrass were more 
sensitive to frost than leaves of timothy, red top, Kentucky bluegrass, 
and some other northern meadow and pasture grasses. 
Wllklns and Hughes (1932) reported that over a four-year period reed 
canarygrass yielded the most hay of seven grasses tested. Smooth brome­
grass and orchardgrass produced 70 percent and 40 percent as much bay 
respectively as reed canarygrass. Hashko and Pennington (1956) obtained 
average seasonal hay yields of 3.45, 2.75, 3.03 and 3.24 tons per acre 
from pure stands of orchardgrass, bromegrass, tall fescue and reed canary­
grass, respectively, over three years and four locations in Pennsylvania. 
These four species averaged 1.17, .69, 1.08, and 1.06 tons per acre, 
respectively, in aftermath (second cut) yield. Baltensperger (1958) 
found that forage yields of reed canarygrass compared favorably with those 
of orchardgrass and bromegrass under a simulated grazing management system. 
Reed canarygrass appeared to be superior to these two species in aftermath 
growth as measured by second cutting yields. 
There is considerable variation in the literature concerning the 
relative palatabllity of reed canarygrass. Hesselgren (1787) compared 
the palatabllity of 600 species of Swedish plants utilizing cattle, 
horses, sheep, goats and swine. Reed canarygrass was found to be one of 
the most palatable of the many grasses tested to all kinds of animals 
except swine. Wllklns and Hughes (1932) found that brood mares consumed 
reed canarygrass hay, harvested ten days after the seed was ripe, in 
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preference to good quality timothy hay. Reed canarygrass was equal In 
palatablllty to six other grasses, including Kentucky bluegrass, in 
pasture trials with cows. Canada "bluegrass, smooth bromegrass and timothy 
had the highest palatability ratings of the 13 grasses included in the 
grazing trials while orchardgrass and meadow fescue were ranked below 
the group that included reed canarygrass. Beaumont et (1933) found 
reed canarygrass to be one of the least palatable to dairy cattle of 
eight grass species tested. Rogler (1944) conducted a grazing trial 
with yearling steers and reported that smooth bromegrass was the most 
palatable and reed canarygrass the least palatable of the ten cool season 
grass species tested. Richards and Hawk (1945) classified several grasses 
into three groups according to preferences shown by sheep. Reed canary­
grass was in the least palatable group. 
Some of the palatability problems with this species may be due to 
improper management. Vary ^  (1950) obtained opinions from 55 farmers 
in south central Michigan concerning this species. These farmers re­
ported that palatability was satisfactory to dairy, sheep, beef and horses 
when the forage was not allowed to grow more than 12 inches tall. In 
general, the farmers thought it best to confine animals to reed canary­
grass alone as they usually preferred other species if given a choice. 
Phillips et (1954) compared the chemical conçosition of eight 
grasses (tall fescue, bromegrass, Kentucky bluegrass, orchardgrass, reed 
canarygrass, red top, timothy, and tall oatgrass) at stages of develop­
ment ranging from vegetative to the seed stage. Reed canarygrass was 
found to be high in protein and mineral and low in lignin and fiber. It 
also underwent less change in composition than other grasses in passing 
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from one stage to another. As measured by chemical composition, reed 
canarygrass, alta fescue and Kentucky bluegrass appeared to have the 
highest feeding quality of the grasses tested. Bromegrass and orchard-
grass were found to be of intermediate feeding value. In a later study, 
Sullivan et (1956) compared the chemical composition of these eight 
grasses cut successively at grazing heights over a two-year period. Each 
of the species was classified as high, medium or low for each constituent. 
Reed canarygrass was listed as low in llgnln, cellulose and crude fiber; 
medium in ether extract; medium to high in minerals and moisture; and 
high in protein. 
Archibald ^  al. (1962) compared the digestibility of second-cutting 
reed canarygrass hay with predominantly third-cutting alfalfa hay using 
the total feces collection procedure and the dacron bag technique. Reed 
canarygrass was more digestible than alfalfa in all of the nine entitles 
determined except protein, nitrogen-free extract and llgnln. Barth et al. 
(1958) found that protein and apparent digestibility of the protein in 
reed canarygrass and bromegrass hays were increased i*en grown under 
increased soil nitrogen levels. 
There are conflicting reports concerning the performance of animals 
fed reed canarygrass forage. Harvey (1936) noted that, after a 17 week 
feeding trial, fillies fed reed canarygrass hay had gained 13 pounds more 
per head than those fed prairie hay and the gain was made on less hay. 
Van Arsdell et al. (1954) observed that steers on reed canarygrass pasture 
were unthrifty in appearance. However, after changing to bluegrass, 
alfalfa or alfalfa-bromegrass pasture, heavy gains and a thrifty appearance 
were noted. Blakeslee et al. (1956) grazed ewes and lambs on reed 
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canarygrass and bromegrass pasture over a three-year period. Although 
each animal gained more per day on the bromegrass, reed canarygrass pro­
duced more pounds of lamb per acre because of its greater carrying 
capacity. It was concluded that differences in ewe and lamb gains were 
so small that individual farm management problems might be the most impor­
tant reasons for choosing one species over the other. 
Taxonomic description 
Phalaris arundinacea is a member of the tribe Phalarideae of the 
grass family Gramineae. This tribe is characterized by spikelets with 
one perfect terminal floret and a pair of staminate or neuter florets 
below (Hitchcock, 1950). The species was described by Hitchcock (1950) 
as follows: 
Perennial, with creeping rhizomes, glaucous; culms erect, 
60 to 150 cm. tall; panicles 7 to 18 cm. long, narrow, the branches 
spreading during anthesis, the lower as much as 5 cm. long; 
glumes about 5 mm. long, narrow acute, the keel scabrous, very 
narrowly winged; fertile lemma lanceolate, 4 mm. long, with a 
few appressed hairs; sterile lenuas villous, 1 mm. long. 
Breeding behavior 
Reed canarygrass is classified as a cross-fertilized species and is 
reported to be low in self fertility. Ficke (1925) bagged 300 panicles 
and of these only 99 produced seed. These 99 panicles produced an average 
of 11.86 seeds per panicle with an average germination of 33.47 percent. 
Smith (1944) selfed 20 plants and obtained .018 seeds per floret com­
pared to .429 seeds per floret under cross-pollination conditions. 
The germination percentage of seed obtained from selfing was 60 percent 
of that obtained under open pollination. Keller (1948) found this 
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grass to be one of the most self-sterile of the 21 grass species tested. 
An average of 1.8 seeds per inflorescence was produced by 106 bagged 
plants. 
Starling (1958) observed a high degree of self sterility in reed 
canarygrass plants selfed in the greenhouse. Brown (1961) obtained an 
average of 20 seeds per panicle under selfed conditions. This average 
was 8ome%Aat misleading since ten of the 15 genotypes tested had less 
than 20 seeds per panicle and one genotype had 117 seeds per panicle. 
Cytology and genetics 
Church (1929) reported that Phalaris arundinacea had a somatic 
chromosome number of 14 and displayed seven bivalents at diakinesis. 
Several workers have since reported a chromosome number of 2n * 28 in 
the species (Jenkins and Sethi, 1932; Hanson and Hill, 1953; Starling, 
1958, 1960; Bowden, 1960; Anderson, 1961; Brown, 1961; McWlllaa and 
Neal-Smith, 1961). These workers reported that bivalents were also 
the predominant meiotic configuration in the 2n " 28 types. 
Hutton (1953) and Brown (1961) reported the occurrence of a heza-
plold form of the species. HcHilliam and Neal-Smith (1961) also observed 
a hexaploid form which regularly displayed bivalents during meiosis. It 
was considered to have arisen through hybridization and subsequent intro-
gression between Phalaris arundinacea and Phalaris tuberosa (2n • 28). 
Hanson and Hill (1953) found aneuploid plants among selections of 
Phalaris arundinacea. Approximately nine percent of the plants studied 
varied from the expected number of 2n • 28 and a range in chromosome 
number of 27 to 35 was reported. In a later study, Camahan and Hill 
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(1956) found plants with chromosome numbers ranging from 28 to-56 among 
the progeny of pentaplolds (2n * 35). Aneuplolds were also observed by 
Brown (1961). 
Interspecific hybrids between Phalaris arundinacea and Phalaris 
tuberosa have been reported by many workers, including Jenkins and Sethi 
(1932) and Starling (1958, 1960). Bivalent pairing was predominant 
during meiosis in the hybrids although some univalents and a very low 
frequency of multivalents were observed. Starling (1958) doubled the 
chromosome number of the hybrid between these two species to produce 
a 56 chromosome angihidiploid. The doubled derivative also produced 
predominantly bivalents at diakinesis. He concluded that the high fre­
quency of bivalents during meiosis of Phalaris arundinacea and Phalaris 
tuberosa would tend to support the conclusions of previous workers that 
both species are of allotetraplold origin. However, he cautioned against 
the use of blvalency alone as a basis for determining the type of ploidy 
in the parent species, since both the undoubled and doubled interspecific 
hybrids produced a high frequency of bivalents. He suggested that a 
genotypically controlled tendency toward bivalent formation may be active 
in these species. 
There is a need for studies designed to determine the nature of 
inheritance in reed canarygrass. Brown (1961) found that 42 selfed 
progeny from a plant having a red root-tip character segregated 33 red 
to 9 white tips. 
Genetic variability within the species 
Baltensperger (1958) studied the variability for seed and forage 
characteristics among and within 47 seed accessions and three clones of 
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reed canarygrass. His results indicated that genetic differences did 
exist among the entries for seed yield and seed shattering resistance; 
however, they were found to be relatively.similar for forage yield. Highly 
significant differences in hay vigor, aftermath vigor, fall vigor and 
greenness, winter injury, bloom date and leaflness were found among the 
accessions in a space planted nursery. The percent genotyplc variation 
among plants was estimated according to the formula. 
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where Sp was the grand mean within plot variance for seed lots from open-
2 pollinated seed and Sg was the mean within plot variance for clones. 
Values of 73 percent, 66 percent, 48 percent and 26 percent were obtained 
for leaflness, leaf width, bloom date and hay vigor, respectively. 
There is little information available concerning the genetic vari­
ability within the species for forage quality characteristics. Alway (1930) 
found that variation in protein content among strains was small in com­
parison to differences associated with the degree of maturity and supply 
of nitrogen. Brown (1961) observed that certain genotypes of reed canary-
grass were consistently unpalatable and others very palatable to sheep. 
The cross between the least and most palatable types produced all 
palatable progeny. 
Roe and Mottershead (1962) tested the palatabillty of five reed 
canarygrass strains using sheep. Two strains were consistently palatable, 
two were unpalatable and one was Intermediate. An interesting relationship 
was observed between the chromosome number and palatabillty. Chromosome 
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counts showed 2n " 28 for the two palatable strains, 2n " 42 for the un­
palatable strains and 2n = 35 for the strain intermediate in palatability. 
Palatability 
According to Stoddart and Smith (1943) the term palatability was used 
originally to apply to the avidity with which an animal ate the plant. 
However, its original meaning has been lost since it is so consistently 
referred to in the literature as the percentage of the plant consumed under 
proper grazing. He concludes that it may be wise to disregard the term 
and use the word preference to describe the taste an animal displays for 
any plant. 
Factors affecting palatability 
Tribe (1952) stated that a variety of factors, some associated with 
the Individual animal, some with the food, and others with neither may 
influence the animal's feeding behavior. Because of these many variables, 
he concluded that it would be meaningless to ascribe unconditionally a 
particular degree of palatability to any food. 
Stage of maturity and rate of growth have been shown to affect 
palatability. Beaumont et (1933) reported an apparent decrease in 
palatability as grass species approached maturity. Hogler (1944) dis­
cussed many factors affecting palatability. He stated that new growth 
is in general more palatable than old mature forage and that species 
having the ability to recover rapidly after defoliation will be preferred. 
Burton (1956) found that growth of Bermudagrass which had accumulated 
for two weeks was more palatable than growth that had accumulated for 
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four weeks. 
The relationship between the chemical composition and palatability 
of the forage has been studied by several workers. Tannin content appears 
to be associated with palatability in sericea lespedeza, L. cuneata. 
Wilkins ^  al. (1953) reported that as the tannin content of the herbage 
increased the amount consumed by sheep declined appreciably. Similar 
results were obtained by Donnelly (1954). He found that cattle preferred 
forage of sericea lespedeza with fine pliable stems and low tannin content. 
Archibald et (1943) concluded that cows used in palatability tests 
show a definite preference for species high in moisture and carotene and 
low in fiber. The nitrogen (protein) content did not appear to be related 
to palatability. Buckner (1955) found some relationship between low 
fiber, high moisture content and palatability in tall fescue. No associa­
tion between palatability and carotene content was found. Bohmont and 
Lang (1957) used rabbits to detect differences in palatability between 
strains of Indian ricegrass. They found a weak relationship between 
chromogen content and palatability (r » .32). However, only twelve 
strains were used in this study and they reasoned that a larger number of 
strains might conceivably show a closer association. Brown (1961) found 
higher concentrations of water-soluble phenolic compounds in boot stage 
leaves of unpalatable as compared to palatable genotypes of reed canary-
grass. Although the concentrations were lower the following year, two of 
the four unpalatable genotypes maintained higher values than the palatable 
genotypes. "Succulence", which was measured by the amount of juice 
expressed from a unit weight of leaves, was similar for the very palatable 
and unpalatable genotypes. 
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Roe and Mottershead (1962) used organic solvents to obtain extracts 
from palatable and unpalatable strains of reed canarygrass. Penned sheep 
were then offered two samples of forage from a palatable strain. One 
sample was sprayed with extract from an unpalatable strain and the other 
with the extract from a palatable strain. In each test, significantly 
less grass was eaten when it had been sprayed with the extract from the 
unpalatable strain. Ihey also compared extracted material (residue) of 
an unpalatable strain with an unextracted sample of the same strain and 
found that significantly more was eaten of the residue sample. It was 
concluded that the unpalatable strain contained an unpalatable substance. 
Beaumont et (1933) utilized cows to test the palatability of 
several grass species and found that grass which received high nitrogen 
fertilization appeared to be slightly more palatable than that which 
received medium or low amounts. Milton (1934) used sheep to evaluate the 
palatability of natural hill pastures and his data indicated that calcium 
and nitrogen fertilization increased palatability. Burton et al. (1956) 
found the palatability of Coastal Bermudagrass to be Improved sub­
stantially by nitrogen fertilization. Reid et al. (1964) reported no 
significant differences in intake when groups of six sheep were fed ad 
libitum tall fescue hay fertilized at levels of 50, 150 and 450 pounds of 
nitrogen per acre. However, there was a marked preference for the fescue 
treated with the lowest level of nitrogen when the sheep were offered the 
chopped dried forages in a cafeteria-type trial. 
It has been suggested that differences in the plane of nutrition 
may affect the food preferences of an animal. Mitchell and Mendel (1921), 
after a study with rats and mice, concluded that, in general, these animals 
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made choices among synthetic mixtures which appeared to the senses to be 
essentially alike and which were, as a rule, of high nutritive value. 
Similar results were obtained by Pearl and Falrchlld (1921) from studies 
with domestic fowl. Tribe and Gordon (1950) also present data indicating 
that the appetite behavior cannot be taken as an infallible guide to 
nutritional requirements. Ewes given free choice of several feeds develop­
ed numerous abnormalities during pregnancy and lambing. When the feed 
constituents were mixed together in the proper proportions and then fed, 
the animals were normal. They also lowered the blood sugar level with 
insulin Injections and found this alteration to have no effect on the 
preference for sweet substances. 
It is generally accepted that various species of animals differ in 
taste preference. However, Ritchie (1936) observed that, in general, 
cattle and rabbits exhibited similar preferences among nine species of 
Crotalarla. Roe and Mottershead (1962) found that preferences of sheep 
and cattle in grazing trials and rabbits in pens were similar in the 
evaluation of palatable and unpalatable strains of reed canarygrass. 
Methods of measuring palatabilitv 
Ivins (1955) outlined five methods irtilch have been used to evaluate 
palatabllity. They are (1) observation of the animals grazing the 
forage under test, (2) recording the relative amount of time spent 
grazing each entry, (3) grading the entries in order of severity of 
grazing by eye examination before and after grazing, (4) determination 
of the amount of forage consumed by measurements before and after grazing 
and (5) feeding saiiq>les of the herbage grown under standard conditions 
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to penned animals. Peterson ^  al. (1958) preferred an observational 
technique to clipping a sanqple of forage before and after grazing. The 
observational technique consisted of recording the number of sheep 
grazing each plot at flve-mlnute Intervals during a two-hour period of 
each grazing day. The number of animals Idling and lying down was also 
recorded. This procedure required less labor and had a smaller experi­
mental error In every instance. Brown (1961) estimated the amount of 
forage consumed by harvesting a nuuAer of tillers before and after graz­
ing. He concluded that satisfactory estimates of relative palatability 
could be obtained by this procedure. Buckner and Burrus (1962) compared 
a method of rating the plots according to the intensity of grazing with 
dry matter consumption (sampling a portion of the plots before and after 
grazing) to evaluate the palatability of tall fescue strains. Similar 
results and significant differences among strains were obtained with the 
two methods. 
Breeding for improved palatability 
Buckner (1955) compared maternal line and inbred line methods of 
breeding to inqirove palatability in tall fescue. After three generations 
of selection he concluded that, although progress was made by maternal 
line selection, greater progress was achieved by the inbred line method 
of breeding. In later work, Buckner (1960) found that polycross progenies 
and synthetics of tall fescue lines selected for Improved palatability 
were grazed more Intensely than the naturalized and commercial varieties 
In forage yield. His results also indicated that inbred lines differed in 
confining ability for palatability. Cralgmiles et al. (1964) obtained a 
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significant correlation between palatability of tall fescue clones in a 
wide base polycross nursery and palatability of their respective polycross 
progenies in solid planted plots (r » .42 ). He concluded that, although 
this r value was quite low, palatability was heritable. 
Evaluation of Breeding Material 
Plant material can be screened with or without progeny tests. How­
ever, progeny testing is necessary for characters that are controlled by 
many genes and are influenced to a large extent by the environment. The 
procedures commonly used for this purpose are the polycross, topcross, 
single-cross, open-pollination and self-progeny tests. These procedures 
and other problems associated with evaluation of breeding material were 
discussed by Frandsen (1952) and Hanson and Camahan (1956). 
Topcross test 
Davis (1927) was the first to report on the use of inbred-variety 
crosses in corn. Jenkins and Brunson (1932) suggested the use of crosses 
to open-pollinated varieties for preliminary testing of new inbred lines 
of com. Since that time corn breeders have made wide use of this pro­
cedure to evaluate material for general combining ability. 
Kalton ^  al. (1955) concluded that single-cross, topcross and poly­
cross progeny tests gave similar results when used to evaluate differences 
in combining ability among orchardgrass clones. The following reasons were 
listed for favoring greater use of the topcross procedure in grass breeding: 
(1) Only sufficient replications are needed in the nursery to provide 
enough seed for testing. More replications are necessary in a polycross 
nursery to facilitate random mating among the clones. More selections 
can therefore be included in a topcross nursery with the same number of 
plots. (2) Variation among selections in bloom date in a topcross nursery 
is of lesser importance since an adapted variety used as the topcross 
parent can be expected to show a range in genetic composition for maturity. 
(3) The effects of non-random mating on the efficiency of the combining 
ability estimates would probably be less in a topcross than in a polycross 
nursery. (4) To insure crossing with the topcross parent, single plants 
can be spaced farther apart in a topcross nursery. This would facilitate 
note taking. A polycross nursery on the other hand requires close and 
equal spacing in all directions in order to attain random and equal 
crossing. Hanson and Camahan (1956) concluded that the topcross pro­
cedure has considerable merit in forage breeding, provided the tester 
and selected clones bloom at or near the same time. 
Salazar and Lonnquist (1963) pollinated inbred lines of corn with 
pollen collected from early and late flowering plants of varietal testers. 
A consistent increase in all traits measured and an average yield superior­
ity of 13 bushels per acre was displayed by the progeny from lines crossed 
with the late versus the early segment of the tester pollen. It was 
concluded that considerable bias might be introduced if lines of variable 
flowering dates were included in the same topcross nursery. 
Wassom and Kalton (1958) studied the variance among progenies from 
different clonal replicates of orchardgrass selections included in a 
topcross nursery. Significant differences in panicle number Indicated 
that clonal replicates were pollinated by genetically different sançles 
of male gametes. This non-random pollination did not appear to be of 
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much consequence in determining forage yield, probably because yield is 
controlled by many genes and each individual would produce several types 
of gametes with respect to the character. Any problems arising because 
of non-random pollination could be largely overcome by mixing equal amounts 
of seed from the clonal replicates of an entry. 
The factors to be considered in the selection of a topcross parent 
have been studied by several workers. Bolton (1948) concluded that 
alfalfa plants with low combining ability were equal as testers to those 
with high combining ability. His results vere based upon the relative 
progeny performance when clones were crossed with the testers compared to 
that obtained when the clones were crossed in all combinations. Green 
(1948), working with corn, utilized a lodging resistant double-cross 
hybrid and a lodging susceptible open-pollinated variety as topcross 
tester parents in crosses with several plants. His data indicated that 
the susceptible tester provided greater opportunity for selection among 
the tested material. Guthrie and Stringfield (1961) evaluated S2 corn 
cultures for European corn borer resistance in test-cross combinations 
with resistant and susceptible single crosses. They concluded that the 
susceptible tester was more efficient in evaluating the contribution of 
the Sg cultures. 
Rawllngs and Thonqison (1962) checked the hypothesis that testers 
with a high frequency of favorable genes are ineffective due to the 
masking effect of dominance. Six Inbred lines of corn which had been 
previously classified as low, medium and high in general combining ability 
were each crossed to five Intercrosses of high yielding selections and 
five Intercrosses of low yielding selections. Although the results were 
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not very conclusive, the poor performing testers tended to provide the 
most efficient evaluation for general combining ability. Their conclusions 
were based upon how correctly the tester classified the entries relative 
to the previous evaluation and the dispersion produced among the test 
crosses. They theorized that the total genetic variance among test-cross 
progenies was independent of tester gene frequency only vtien dominance 
was zero at all loci and was greater, providing there is no overdomlnance, 
when testers with a low frequency of dominant alleles were used. They 
pointed out that the presence of eplstasis may confound the expected 
results. 
Heritabilltv 
Herltability values in both the broad and narrow sense are in common 
use. Herltability in the broad sense is the ratio of the total genetic 
variance to the phenotyplc variance. Narrow-sense herltability is the 
ratio of only the additive portion of the genetic variance to the phenotyp­
lc variance. It expresses the fraction of the phenotyplc differences among 
parents which one expects to recover in the offspring and is designed to 
give a practical interpretation to herltability (Hanson, 1963). 
Many of the procedures and problems associated with estimating 
herltability are discussed by Lush (1940), Comstock and Robinson (1952), 
Gardner (1963) and Hanson (1963). 
Broad-sense herltability values have been calculated in forage 
crops by using the variance component among clones or strains and by 
using vegetative propagules to estimate environmental variation (Kalton 
et al., 1952; McDonald et al.. 1952; Burton and DeVane, 1953; Kneebone 
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et 1961 and Carlson and Moll, 1962). Kneebone et (1961) using 
the variance component among clones calculated broad-sense heritabilitles 
for both summer and winter protein levels among unselected sand bluestem 
and switchgrass clones. Heritability values were greater for winter 
protein in nearly every comparison. 
Kehr and Gardner (1960) used 96 clones and their polycross progenies 
to study the genetic variability in Ranger alfalfa. The variance com-
2 
ponent among clones (cp^ ) was used to estimate the total genetic variance. 
It was postulated that the corresponding variance component for progenies 
(op^ ) was equal to one-fourth of the additive genetic variance, assuming 
diploid inheritance, and the genetic component of covariance (0p]^ p2) was 
equal to one-half the additive genetic variance with either disomic or 
tetrasomic inheritance. Narrow-sense heritability on a mean basis for 
one location over a two-year period was calculated from the formula: 
where y = number of years, and 
r = number of replications. 
Kehr and Gardner listed the assumptions involved in deriving the 
interpretation of the genetic components of variation as: (1) diploid 
inheritance, (2) random mating among plants in the polycross nursery, 
(3) equal viability of gametes, (4) no multiple alleles, (5) linear re­
gression of gene frequency on phenotype and (6) equilibrium with respect 
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to linkage phases. 
Newell and Eberhart (1961) used the variance component among clones 
and twice the parent-polycross progeny covarlance to estimate the total 
genetic variance and the additive genetic variance, respectively, In 
swltchgrass. These estimates were compared with each other to determine 
the relative importance of the additive and non-additive genetic variance 
and with the phenotyplc variance derived from the parental clone analysis 
of variance to estimate heritabillty in the broad and narrow sense. 
Because of variation in heritabillty values between different plant 
groups, it was postulated that assortatlve mating in some groups may 
have resulted in a closer association between parents and offspring than 
expected. It was pointed out that such a situation would be quite possible 
in the presence of variable plant types and maturity dates, and incompat-
abilltles due to polyploidy. 
Levings and Dudley (1963) noted that the variance component among 
half-sib families was equal to l/4o^  + 1/16oaa in diploids. In auto-
tetraploids this component is made up of l/4o^  + l/360g + 1/16oaa + 
l/l44o^  + 1/1296o^ J  ^where is the additive variance, Og is the vari-
2 2 2 
ance due to dlgenic effects and o^ , and Ogg are the variances due 
to epistatic interactions. They concluded that the best estimate of 
narrow-sense heritabillty in autotetraplolds and diploids was probably 
obtained by doubling the regression of offspring on parent. 
22 
MATERIALS AND tSIHGDS 
Source of Plant Material 
Twenty clonal lines and their topcross progenies were used In this 
study. They were derived from an original source nursery established 
from seed lots collected primarily from the North Central region of the 
United States. These seedlots were described by Baltensperger (1958). 
Selections from the nursery were made by Dr. Robert R. Kalton in 1957 
largely on the basis of seed-holding ability in relation to bloom date 
with consideration also given to vigor, hardiness, leafiness, disease re­
sistance and heading ability. %e selected clones were established in a 
topcross nursery in 1958 with the variety loreed as the topcross parent. 
Fifty-three clones were selected from the topcross nursery on the 
basis of winter survival, bloom date, leafiness, seed shattering re­
sistance, seed yield, fertility, seed quality and recovery. The twenty 
clonal lines used in this study were selected from these 53 entries with 
primary consideration given to topcross progeny performance for seed 
shattering resistance. 
Alta tall fescue, Fischer smooth bromegrass. Sterling orchardgrass 
and loreed reed canarygrass (the topcross parent) also were Included in 
the test for comparative purposes. 
Field Design 
The experimental area was divided into 16 blocks of which eight 
were randomly designated as clonal blocks and the remaining eight blocks 
were chosen for the topcross progenies. The entries were randomly assigned 
23 
to the plots within a block so that each of the clonal lines occurred 
once In each clonal block and each topcross progeny occurred once in each 
progeny block. Four clonal blocks and four progeny blocks were randomly 
selected for clipping Management 1 and the remaining eight blocks were 
designated for clipping Management II. The four species were randomized 
within an outside row of four plots in each progeny block. 
The experiment was planted at the agronomy farm south of Ames during 
late April and early May of 1962. All entries were established in plots 
five by nine feet in size. The plots of the topcross progenies and the 
four species consisted of five drill rows, nine Inches apart. The follow- . 
Ing seeding rates were used: 
lbs/A 
Bromegrass 25 
Fescue 22 
loreed and topcross progenies 9 
Orchardgrass 8 
Thirty-two propagules were established in each plot of a clonal line. 
The propagules were planted in four rows and were spaced one foot apart 
within and between rows. 
Orchardgrass was planted in five-foot borders around each block 
and in a single row around each plot. No companion crop was used. 
During the season of establishment, 2,4-D amine was applied in the spring 
and the experiment was clipped periodically in an effort to control weeds. 
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Management Systems 
Three cuttings were taken annually under each management system. 
The two management systems were designed to compare primarily two growth 
accumulation periods for the third (fall) cutting. The first two cuttings 
under Management 1 were made earlier than under Management II In order 
that growth for the fall cutting could accumulate a month longer. The 
first two cuttings of Management I were taken on May 18 and June 28 In 
1963 and on May 21 and June 30 In 1964. The first two cuttings of 
Management II were taken on June 3 and August 1 In 1963 and on June 4 and 
August 5 In 1964. The third (fall) cuttings of both managements were 
taken on October 3 In 1963 and on October 7 In 1964. 
Under both management systems, plots were topdressed with nitrogen 
fertilizer each year at the following rates per acre: 50 pounds in early 
spring, 60 pounds after the first cutting and 120 pounds after the second 
cutting. A complete fertilizer (5-20-10) was applied at the rate of 300 
pounds per acre in the early spring of each year. 
Characters Measured 
Forage yield 
A section with dimensions of three by six feet was harvested from 
each plot. Green weights were converted to tons of dry matter per acre 
using percent dry matter of representative samples. 
Palatabllitv 
Cafeteria trials with rabbits as the test animals were conducted in 
1963 to compare the relative palatabillty of the four species at each 
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cutting. Similar trials were conducted with 19 of the 20 clonal lines 
and their topcross progenies at the third cutting in 1963. 
During the 1964 season, the four species were tested as in 1963 at 
the first two harvests. Bromegrass was eliminated from the 1964 third-
cutting trials because of insufficient forage. The remaining three 
species, as well as nine clonal lines and their progenies, were tested 
with both rabbits and sheep at the third cutting. %e number of reed 
canarygrass lines tested for palatability was reduced to nine in 1964 
because there was not enough forage available to test a larger number 
using both sheep and rabbits in balanced trials. 
The forage used in the trials was dried and ground in a hammer mill 
equipped with a 5/8-inch screen. The ground material from the four 
replicates of each entry, within a management system, was bulked and 
thoroughly mixed. 
The following cafeteria-type procedure was used to measure the 
relative palatability. In the rabbit trials, six rabbits were used and 
each animal was offered three entries at a time. Equal amounts of forage 
from the three entries were placed in specially designed feed boxes. This 
procedure is illustrated in Figures 1 and 2. Animals were offered differ­
ent groups of entries until each pair of entries had occurred in a group. 
This can be considered as a balanced incomplete block design with a block 
size of three and a X value of one. In some trials, where enough forage 
was available, every pair of entries occurred in two groups (X * 2). The 
relative position of the feed boxes within the pen was changed periodically 
in an attempt to eliminate any effect due to animal preference for a 
particular location in the pen. After 24 to 36 hours, the entries were 
Figure 1. General view of the facilities used in the rabbit palat-
ability trials 
Figure 2. Close-up view of a rabbit pen Illustrating the manner in 
which the forage was presented to the animals 
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ranked from one to three within a block according to the amount of forage 
consumed. Entries tied for first were given a 1.5 and likewise a ranking 
of 2.5 was given to entries tied for second. The sum of the within block 
rankings received by an entry was designated as the palatablllty score. 
The sheep trials were conducted similarly except that 3 to 5 times 
as much forage was used, and each group of entries was usually rated 
after four to eight hours (Figures 3 and 4). 
Protein 
Crude protein determinations were made on the four species at each 
cutting and on the clonal and progeny lines at the third cutting. Samples 
to be analyzed were ground in a Wiley Mill equipped with a 1.2 mm.mesh 
screen. Micro-Kjeldahl determinations of total nitrogen were made accord­
ing to the procedure described by Perrln (1953). Percent crude protein 
was calculated by multiplying percent nitrogen by 6.25. 
Date of heading 
Date of heading was recorded for Management 11 clonal and progeny 
plots in 1964. This was not done in 1963 because many entries failed 
to reach the heading stage before the first cutting. Heading date was 
recorded as the day on which approximately 50 percent of the panicles 
had emerged from the boot. 
Statistical Procedures 
Analyses of variance 
Analyses of variance were computed on all forage yield and protein 
data with separate analyses for the clonal lines and their topcross 
Figure 3. General view of the facilities used in the sheep palat-
ability trials 
Figure 4. Close-up view of a sheep cage illustrating the manner in 
which the forage was presented to the animals 
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progenies. The data from each cutting date were analyzed both within 
and over managements for each year and for the two years combined. The 
total annual yield data were treated in a similar manner. 
Mean square expectations were written for all analyses. Managements, 
species and cuttings were considered fixed with years and blocks as random 
variables for the four species data. Managements and cuttings were called 
fixed while entries, years and blocks were considered random for the 
clonal and progeny data. Approximate F tests were calculated where 
necessary according to a method outlined by Snedecor (1956). 
Tables 1 and 2 illustrate the form used in the analyses of variance 
of the forage yield data combined over years and cuttings from the clonal 
or progeny lines. A similar form was used for the clonal and progeny 
protein data; however, some modification was necessary since two blocks 
were not included. 
Genetic variability for forage yield and percent crude protein 
These calculations were made both within and over managements. The 
2 
component of variance arising from differences among clonal lines (o^ ) 
was used to estimate the total genetic variance. The additive genetic 
variance was estimated by 40p and 2CovPC where is the progeny com­
ponent of variance and GovPG is the covariance between clonal and progeny 
2 
means. The phenotypic variance was computed on a mean basis (cr—) and a 
ph 
per plot basis (o^ )^ utilizing the clonal data. When the form of the 
analysis was the one shown in Table 1, these values were computed as 
follows: 
ffg or o| « [(Mg + My) - (Mg + Mg)]/24 
Table 1. Analysis of variance form for clonal or progeny forage yield data within a management 
combined over years and cuttings 
Source of 
variation d.f. m.s. Mean square expectations* 
Blocks (B> 3 Ml o2 + 3°YBE + ^ °BE ®^°YB 2^0Og 
Entries (E) 19 «2 + 30YBE + 60BE + 12<4B + 24o§ 
B X E 57 % + 3OYBE + ^ °BE 
Years (Y) 1 0^ + 
°^YBE + 60o^  + 120^  + 240O§ 
Y X B 3 + + 600^  
Y X E 19 
"6 
o2 + + 
Y X B X E 57 M? + ^ °YBE 
Cuts (D) 2 
"8 + 20DBE + ^ °DYB 20OgYB ^®°bB ®°ME ^ ®®°DY ^^ OKjj 
D X B 6 
"9 
a2 + 2°DBE + 20OJYB + ^ 0°DB 
D X E 38 1^0 + Zo B^E + ^ °^ YE ®°DE 
D X B X E 114 Mji + 2opBE 
D X Y 2 MI2 + 20OQYB •*" ^°DYE SO^DY 
0 X Y X B 6 1^3 + 20OQYB 
D X Y X E 38 4^ + ^ °DYE 
D X Y X B X E 114 «15 (j2 
S^ubscripts on variance components are defined as follows: B = blocks, E » entries, Y = years, 
and D = cuts. 
Table 2. Analysis of variance form for clonal or progeny forage yield data combined over manage­
ments, years and cuttings 
Source of 
variation d • f • m «SI Mean square expectations 
Managements (M) 1 3*YEB(M) + 64(M) + 
+ 24002% + 480K2 
Blocks/M (B/M) 6 3*YEB(M) + °^BB(M) ^^ °YBOO 
Entries (E) 19 M3 + 3OYEB(M) + ^ °BB(M) 4^0ye 480g 
E X M 19 
"4 0^  + 3°yeb(m) + 6o§B(M) + + 24O|M 
E X B/M 114 
"5 3*YEB(M) + °^EB(M) 
Years (Y) 1 
"6 0^  + 
2 
3*YEB(M) + 'K(M) + 24(4 + 4*0°Y 
Y X M 1 «7 a2 + 30YBB(M) + 60OYB(M) + 120^  + 240o§M 
Y X B/M 6 o2 + 3°YEB(M) + *0°YB(M) 
Y X E 19 Mg 30YEB(M) + 24o^  
Y X E X M 19 Mio + 3*YEB(M) + ^^°YEM 
Y X E X B/M 114 1^1 0^  + °^YEB(M) 
°Etl •*" 
S^ubscripts on variance components are defined as follows: M « managements » B(M) = blocks with­
in managements, E " entries, Y " years, and D " cuts. 
Table 2. (Continued) 
Source of 
variation d.f. nu* 8 • Mean square expectations* 
Cuts (D) 2 2^ 0^  + ^ °DEB(M) + ^ ®°DYB(M) ^  ^®°DB(M) + GOg E^ •*" ®^°DE IfiOo y^ 
+ 320K2 
D X M 2 Mi3 °^DEB(M) + 200DYB(ÏO ^  ^°°DB(M) 4°DYEM ®°DEM "*• 0^°DYM 
+ lôOOpj^  
D X B/M 12 «14 2ODEB(M) ^  20oJYB(M) *°°DB(M) 
D X E 38 5^ 
a2 + 
°^MB(M) * ®°DYE •*• ^^ °DE 
D X E X M 38 a2 + 2°MB(M) + ^ Y^EM ®°WtM 
D X E X B/M 228 «17 V + 
2 
 ^°bKB(M) 
D X Y 2 «18 20°DYB(M) ®°DYE l^ OOÎDY 
D X Y X M 2 «19 (/ + 20OJYB(M) •*• °^DYEM ^^ Y^M 
D X Y X B/M 12 «20 0^  + 20°DYB(M) 
D X Y X E 38 1^ 
a2 + S'^ YE 
D X Y X E X M 38 «22 (p- + °^DYEM 
D X Y X E X B/M 228 «23 
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CovPC » MP2/24 = covarlance of the clonal and progeny means 
over blocks, years and cuts. HP2 was the mean product 
for entries from the analysis of covarlance of clonal 
and topcross progeny data. 
0^  • ffj + "YC/Z + ofo/* + "YBC'® 
- »C + 4o + °BC + SbO 
Herltabillty values were calculated as follows: 
Broad sense (h) on a mean basis " 
Broad sense (h) on a plot basis » °i^ °ph 
Narrow sense (H) = 4op/o^  
ph 
2 
or = 2CovPC/o^  = 2 (regression of progeny on clones) 
Predicted genetic gain 
The expected genetic advance when the four best clones are combined 
into a synthetic variety was calculated in the following manner: 
A G = S (H) 
where A G = the expected genetic advance, 
S = the selection differential » (mean of the selected 
clones - overall clonal mean), and 
H = herltabillty in the narrow sense. 
The predicted yield of the new synthetic was computed by adding the 
expected genetic advance to the clonal mean and then expressing it as a 
percent of the yields of loreed and the clonal lines. 
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Palatablllty data 
The palatablllty data were analyzed according to a procedure outlined 
by Durbln (1951). This method Involves computing a coefficient of con­
cordance (W) and an F value with the appropriate degrees of freedom. 
The calculations were as follows: 
n = number of entries, 
K = block size, 
m " number of times each entry Is ranked, 
X » m(K-l)/(n-l) = number of blocks In which a particular pair of 
objects occur, 
S = corrected sum of squares of the palatablllty scores, 
jif at observed S g. 12S 
maximum S 
-I)" 
degrees of freedom (v^  and V2) = 2p and 2q where 
K-1' 
Correlations 
Parent-progeny correlation coefficients were computed from the forage 
yield, crude protein and palatablllty data. Results from the rabbit 
palatablllty trials were correlated with the palatablllty scores obtained 
using sheep. 
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Simple correlation coefficients were also calculated in order to 
study the interrelationship among the following characters: forage yield, 
crude protein, palatabllity and date of heading. 
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RESULTS AND DISCUSSION 
The results and discussion are presented in two sections. The first 
section deals with the data from the four species (smooth bromegrass, 
orchardgrass, reed canarygrass and tall fescue) while the second is con­
cerned with the variability among reed canarygrass clonal lines and their 
topcross progenies. 
Four Species 
Good stands were obtained for all species; however, the bromegrass 
stands were weakened considerably by disease during the 1964 season. 
There was considerable variation in stage of development among the four 
species at the first cutting. Information on stage of development is 
presented in Table 3. 
Forage yield 
The mean dry matter yields of the four species under each management 
system are presented in Table 4 and those calculated over managements 
Table 3. Stage of development of four grass species at the time of the 
first cutting 
Species Management I Management II 
Brome grass 
Or chardgrass 
Reed canarygrass 
Tall fescue 
early heading 
heading 
early boot 
early heading 
heading 
full bloom 
boot, 1963; 
early bloom, 1964 
early bloom 
Table 4. Mean forage yield of four grass species under each of two clipping management systems 
Tons of oven-dry forage per acre 
19M 1964 1963-64 
Species First Second Third Annual First Second Third Annual First Second Third Annual 
cut cut cut yield cut cut cut yield cut cut cut yield 
Management 1 
Bromegrass 1.60 .52 1.16 3.27 1.18 .68 .62 2.48 1.39 .60 .89 2.88 
Orchardgrass 1.24 .66 2.32 4.20 .99 .78 1.02 2.80 1.11 .72 1.67 3.50 
Reed canarygrass .83 .86 3.20 4.90 1.09 1.02 1.49 3.60 .96 .94 2.34 4.24 
Tall fescue 1.11 .69 2.34 4.14 1.10 .82 1.54 3.47 1.11 .76 1.94 3.81 
Mean 1.19 .68 2.25 4.13 1.09 
m
 
CO 
1.17 3.09 1.14 .75 1.71 3.61 
Management II 
Bromegrass 2.52 1.03 1.00 4.56 1.44 .43 .24 2.11 1.98 .73 .62 3.33 
Orchardgrass 1.82 1.26 1.74 4.82 1.50 .96 .83 3.30 1.66 1.11 1.29 4.06 
Reed canarygrass 1.42 1.42 1.49 4.32 1.29 1.61 .99 3.90 1.36 1.51 1.24 4.11 
Tall fescue 1.84 1.14 1.88 4.86 1.68 1.11 1.16 3.94 1.76 1.12 1.52 4.40 
Mean 1.90 1.21 1.53 4.64 1.48 1.03 .81 3.31 1.69 1.12 1.17 3.98 
are found in Table 5. The analyses of variance of the yield data com­
bined over years are presented in Tables 6 and 7. The analyses of vari­
ance of the forage yield data from each year are presented in Appendix 
Tables 36 and 37. 
The mean first-cutting forage yields over years were 1.14 and 1.69 
tons of dry matter per acre for Managements I and II, respectively. The 
difference between managements was nonsignificant in the analysis of 
variance over years but was significant at the .01 level in 1963 and the 
.05 level in 1964 (Appendix Table 37). Differences among species were 
nonsignificant in the analyses of the first-cutting forage yield data 
combined over years. When the data were analyzed within years, the mean 
square for species was significant (.01 level) for both managements in 
1963 but was nonsignificant in 1964. Significant year x species inter­
actions under both managements indicated differential yields in the two 
years. This was particularly true under Management II where the mean 
first-cutting dry matter yields were 2.52, 1.82, 1.42 and 1.84 tons per 
acre for bromegrass, orchardgrass, reed canarygrass and tall fescue, 
respectively, in 1963. The corresponding yields in 1964 were 1.44, 1.50, 
1.29, and 1.68 tons per acre. The range in first-cutting forage yield 
was greater in 1963 under both managements. The range under Management 
I was .77 ton per acre in 1963 and .19 ton per acre in 1964. The range 
under Management II decreased from 1.10 tons per acre in 1963 to .39 ton 
per acre in 1964. Over years, smooth bromegrass had the highest mean 
first-cutting forage yield and reed canarygrass the lowest under each 
management system. 
The mean second-cutting dry matter yields over years were .75 ton 
Table 5. Mean forage yield of four grass species with clipping management systems combined 
Tons of oven-dry forage per acre 
1963 1964 1963-64 
Species First Second Third Annual first Second Third Annual First Second Third Annual 
cut cut cut yield cut cut cut yield cut cut cut yield 
Bromegrass 2.06 .77 1.08 3.91 1.31 .56 .43 2.30 1.68 .66 .76 3.10 
Orchardgrass 1.53 .96 2.03 4.52 1.24 .88 .93 3.05 1.39 .92 1.48 3.78 
Reed canarygrass 1.13 1.14 2.34 4.61 1.19 1.31 1.24 3.74 1.16 1.23 1.79 4.18 
Tall fescue 1.48 .92 2.11 4.50 1.39 .96 1.35 3.70 1.43 .94 1.73 4.10 
Mean 1.55 .95 1.89 4.38 1.28 .93 .99 3.20 1.42 .94 1.44 3.79 
Table 6. Analyses of variance of the forage yield data combined over two years from four grass 
species 
Mean squares 
Management I Management 11 
Source of First Second Third Annual First Second Third Annual 
variation d.f. eut eut cut yield cut cut cut yield 
Blocks (B) 3 .1804 .0035 .2606 .8938** .0489 .1134 .0065 .3777 
Species (S) 3 .2513 .1594** 3.0100 2.6505* .5341 .8140 1.1715** 1.6423 
B X S 9 .0411* .0210* .0765 .2314 .0509 .0102 .0138 .0267 
Years (Y) 1 .0840 .1667* 9.4069** 8.6944** 1.4492 .2665 4.1761** 14.1645** 
Y X B 3 .0927** .0054 .0435 .0271 .2420* .0842* .1043* .0535 
Y X S 3 .1717** .0006 .5424** .2652* .4037* .2359** .0585 1.5055** 
Y X B X S 9 .0108 .0062 .0326 .0558 .0613 .0180 .0196 .0368 
CV (%) 9.11 10.49 10.56 6.54 14.65 11.98 11.97 4.82 
**F value was significant at the .01 level of probability. 
*F value was significant at the .05 level of probability. 
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Table 7. Analyses of variance of the forage yield data combined over 
two years and two management systems from four grass species 
Mean squares 
Source of First Second Third Annual 
variation d.f. eut eut cut yield 
Managements (M) 1 4.7579 2.1572 4.7470 2.1646 
Blocks/M (B/M) 6 .1147 .0584 .1335 .6358** 
Species (S) 3 .7380 .8432 3.6038* 3.8286 
S X M 3 .0473 .1303 .5777 .4643 
S X B/M 18 .0460 .0156 .0451 .1290* 
Years (Y) 1 1.1157* .0058 13.0592** 22.5269** 
Y X M 1 .4176 .4274* .5238* .3321* 
Y X B/M 6 .1673** .0448* .0739* .0403 
Y X S 3 .5051** .1142** .2207** .6964** 
Y X S X M 3 .0703 .1223** .3801** 1.0743** 
Y X S X B/M 18 .0361 .0121 .0261 .0463 
CV (%) 13.38 11.70 11.22 5.68 
**F value was significant at the .01 level of probability. 
*F value was significant at the .05 level of probability. 
per acre under Management I and 1.12 tons per acre under Management 11. 
The difference between managements was nonsignificant in the analyses 
of variance over years. When the data were analyzed within years, the 
mean square for managements was significant (.01 level) in 1963 but was 
nonsignificant in 1964. The 1964 second-cutting yield of bromegrass 
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under Management 11 appeared to be reduced considerably by a heavy 
incidence of disease. The mean second-cutting forage yield for brome-
grass was .25 ton per acre less under Management I than under Management 
II in 1964, despite the fact that growth had accumulated two weeks longer 
under Management II. Differences among species at the second cutting were 
significant (.01 level) only under Management I in the analyses of the 
data combined over years. Under Management II, differences among species 
were significant at the .05 level in 1963 and the .01 level in 1964. The 
year x species interaction was significant (.01 level) in the analyses of 
the Management II data. The range in forage yield under Management II 
increased from .39 ton per acre in 1963 to 1.18 tons per acre in 1964. 
The reduced yield of bromegrass and increased yield of reed canarygrass 
in 1964 accounted for the large difference in ranges in the two years. 
Without exception, reed canarygrass produced the highest second-cutting 
forage yields and bromegrass the lowest. 
The mean third-cutting forage yields over years were 1.71 and 1.17 
tons per acre under Managements I and II, respectively. The difference 
between managements was nonsignificant in the analysis of variance 
combined over years. The difference between managements was significant 
at the .01 level in 1963 and at the .05 level in 1964 when the data were 
analyzed within years. When the data were analyzed over years, differ­
ences among species were significant at the .01 level under Management 
II and at the .05 level over managements. Differences among species 
were significant (.01 level) in all analyses within years. The year x 
species interaction was significant (.01 level) under Management I and 
in the analysis of variance combined over managements. The ranges in 
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yield under Management I were 2.04 in 1963 and .92 in 1964. There was 
also a change in the relative yields of reed canarygrass and tall fescue 
in the two years. The 1963 yields under Management I were 3.20 and 2.34 
tons per acre for reed canarygrass and tall fescue, respectively. The 
corresponding yields in 1964 were 1.49 and 1.54 tons per acre. Over 
years, reed canarygrass had the highest third-cutting yield of the four 
species under Management I; however, tall fescue was highest in this 
respect under Management II. The mean third cutting yields over years 
and managements were .76, 1.48, 1.79, and 1.73 tons per acre for brone-
grass, orchardgrass, reed canarygrass and tall fescue, respectively. 
The mean annual forage yields over years were 3.61 and 3.98 tons 
per acre under Managements 1 and 11, respectively. The difference between 
managements was nonsignificant in data combined over years but was sig­
nificant (.05 level) in the analysis of the 1963 data. Differences among 
species were significant (.05 level) only under Management I in the 
analyses of data combined over years. The mean square for species was 
significant in all analyses of variance within years. The year x 
species interaction was significant at the .05 level under Management I 
and at the .01 level under Management II. The relative annual forage 
yield of the species varied somewhat in the two years. Orchardgrass and 
tall fescue produced 4.20 and 4.14 tons of dry matter per acre, respective­
ly, under Management I in 1963. The corresponding yields in 1964 were 
2.80 and 3.47 tons per acre. The range in forage yields under Management 
II was much greater in 1964 than in 1963 primarily because of the low 
yield of bromegrass in 1964. Over years, reed canarygrass and tall 
fescue were the highest yielding species under Managements I and II, 
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respectively. The mean annual yields over years and managements were 
3.10, 3.78, 4.18 and 4.10 tons per acre for bromegrass, orchardgrass, 
reed canarygrass and tall fescue, respectively. 
The species x management Interaction was nonsignificant In all 
analyses combined over years; however, the years x species x management 
interaction was significant (.01 level) for the second and third cuttings 
as well as for annual yield. This Indicates differential responses of 
the four species in the different management-year combinations. 
The high second and third cutting yields of reed canarygrass support 
previous claims of satisfactory aftermath growth for this species. Tall 
fescue produced high third-cutting yields, particularly under Management 
II. Therefore, this species may be of considerable value for fall 
utilization. Bromegrass produced comparatively low aftermath yields even 
in 1963 when disease was not a serious problem. However, the results 
do reaffirm the value of this species as an excellent source of early 
season forage. 
Percent crude protein 
Mean crude protein percentages for the four species within manage­
ments are listed in Table 8 and those over managements are presented in 
Table 9. The analyses of variance of the protein data combined over 
years for each cutting are presented in Tables 10 and 11. The analyses 
of the data from each year are found in Appendix Tables 38 and 39. 
A tendency for a negative relationship between percent cirude protein 
and stage of development at the first cutting and between crude protein 
and forage yield at each cutting was apparent. Therefore, the analyses 
Table 8. Mean percent crude protein of four grass species under each of two clipping management 
systems 
1963 1964 1963-64 
Species First Second Third Annual First Second Third Annual First Second Third Annual 
cut cut cut mean cut cut cut mean cut cut cut mean 
Management I 
Bromegrass 16. 74 18. 72 14.29 16.58 16.72 19. 21 20 .82 18.92 16 .73 18 .97 17.56 17.75 
Or chardgrass 15. 65 17 .08 13.03 15.25 14.43 17. 65 16 .34 16.14 15 .04 17 .36 14.68 15.70 
Reed canarygrass 19 .26 17 .38 9.92 15.52 16.73 16 .96 12 .15 15.28 18 .00 17 .17 11.04 15.40 
Tall fescue 15 .62 15 .92 11.58 14.37 14.70 16 .30 13 .22 14.74 15 .16 16 .11 12.40 14.56 
Mean 16 .82 17 .27 12.21 15.43 15.65 17 .53 15 .63 16.27 16 .23 17 .40 13.92 15.85 
inagement 11 
Bromegrass 10 .16 13 .34 19.97 14.49 10.69 17 .44 23 .26 17.13 10 .42 15 .39 21.62 15.81 
Orchardgrass 10 .72 11 .99 15.70 12.81 9.51 11 .80 19 .92 13.75 10 .12 11 .90 17.82 13.28 
Reed canarygrass 12 .68 11 .92 15.76 13.46 13.22 10 .58 17 .25 13.68 12 .95 11 .25 16.51 13.57 
Tall fescue 11 .36 13 .00 13.44 12.60 10.40 12 .26 15 .28 12.65 10 .88 12 .63 14.36 12.62 
Mean 11 .23 12 .56 16.22 13.34 10.96 13 .02 18 .93 14.30 11 .09 12 .79 17.57 13.82 
Table 9. Mean percent crude protein of four grass species with clipping management systems combined 
1963 1964 1963-64 
Species First Second Third Annual First Second Third Annual First Second Third Annual 
cut cut cut mean cut cut cut mean cut cut cut mean 
Bromegrass 13.45 16.03 17.13 15.54 13.71 18.32 22.04 18.03 13.58 17.18 19.59 16.78 
Orchardgrass 13.19 14.53 14.37 14.03 11.97 14.72 18.13 14.94 12.58 14.63 16.25 14.49 
Reed canarygrass 15.97 14.65 12.84 14.49 14.98 13.77 14.70 14.48 15.47 14.21 13.77 14.48 
Tall fescue 13.49 14.46 12.51 13.48 12.55 14.28 14.25 13.69 13.02 14.37 13.38 13.59 
Mean 14.02 14.92 14.21 14.39 13.30 15.27 17.28 15.29 13.66 15.10 15.75 14.84 
Table 10. Analyses of variance of percent crude protein data combined over two years from four 
grass species 
Mean squares 
Management I Management II 
Source of 
variation d.f 
First 
cut 
Second 
cut 
Third 
cut 
First 
cut 
Second 
cut 
Third 
cut 
Blocks (B) 3 2.1737 8.8132 2.3450 3.8757* 4.0821 4.7766** 
Species (S) 3 15.8137* 11.1462* 65.1319 13.0495* 26.5677 74.3443** 
B x S 9 1.8780 1.6231* 1.3644 .3384 .8893** .8803 
Years (Y) 1 10.9980 .5279 93.9478** .5995 1.6607 58.7257** 
Y x B 3 3.3834 1.3239 .8604 .3848 1.3088** .1166 
Y x S 3 2.1705 .4196 9.5359** 1.7552 12.2006** 3.2561* 
Y x B x S 9 1.1128 .4387 .8273 .6182 .1168 .6430 
CV (%) 6.50 3.81 6.53 7.09 2.67 4.56 
*F value was significant at the .05 level of probability. 
**F value was significant at the .01 level of probability. 
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Table 11. Analyses of variance of percent crude protein data combined 
over two years and two management systems from four grass 
species 
Mean squares 
Source of First Second Third 
variation d.f. eut eut cut 
Managements (M) 1 422.6108** 340.0336** 213.4521** 
Blocks/Mgt. (B/M) 6 3.0247 6.4477* 3.5608* 
Species (S) 3 25.9834** 31.3296 130.6357* 
S x M 3 2.8798 6.3843 8.8405 
S x B/M 18 1.1082 1.2562** 1.1224 
Years (Y) 1 8.3666 2.0306 150.6143** 
Y x M 1 3.2310 .1580 2.0592 
Y x B/M 6 1.8841 1.3163** .4885 
Y x S 3 1.7582 7.4509** 9.5049** 
Y x S x M 3 2.1674 5.1693** 3.2871* 
Y x S x B/M 18 .8655 .2778 .7352 
CV (%) 6.81 3.49 5.44 
**F value was significant at the .01 level of probability. 
*F value was significant at the .05 level of probability. 
of variance for the forage yield and crude protein data are quite similar. 
The differences between managements were highly significant at all 
three cuttings indicating a consistent decrease in percent crude protein 
with longer periods of dry matter accumulation. The first cutting under 
Management 11» for example, was taken only two weeks later than that 
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under Management I; yet the crude protein level decreased from 16.23 
to 11.09 percent. 
From the viewpoint of using these species for extending the grazing 
season in the fall, third-cutting protein levels are of primary concern. 
These were all found to be above the minimum requirements for maintaining 
beef cattle (National Academy of Sciences — National Research Council, 
1963). However, protein levels would be expected to decrease with advance 
in the fall grazing period. 
Palatabilitv 
The relative palatability scores obtained using rabbits on forage 
from the first and second cutting are presented in Table 12. The palat­
ability data obtained from the third cutting forage using rabbits in 1963 
and both sheep and rabbits in 1964 are presented in Table 13. 
Reed canarygrass from Management 1 was entered twice in all 1963 
trials and in the first and second-cutting trials of 1964. This made 
it possible to use a balanced incomplete block design with nine entries 
and a block size of three. Bromegrass was eliminated from the 1964 third-
cutting trials because it failed to produce sufficient forage. 
Length of growth period had a marked influence on palatability. 
At each cutting, the palatability of a species almost always decreased 
with the longer period of growth accumulation. 
A close relationship existed between stage of development and 
palatability at the first cutting. Orchardgrass was at the most advanced 
stage of development and it was the least palatable species under both 
managements. Reed canarygrass was the least mature of the four species 
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Table 12. Relative palatablllty to rabbits of dried first and second 
cutting forage from four grass species 
Species 
1963 1964 1963-64 
Score Rank Score Rank Score Rank 
First cutting 
Management I 
Bremegrass 6.0 3 4.5 1 5.3 2 
Orchardgrass 7.0 4 11.0 8 9.0 6 
Reed canarygrass #1 5.0 1 5.0 2 5.0 1 
Reed canarygrass #2 5.0 1 7.0 4 6.0 3 
Tall fescue 7.0 4 9.5 6 8.3 4 
Management II 
Bromegrass 12.0 9 5.5 3 8.8 5 
Orchardgrass 10.0 6 11.5 9 10.8 9 
Reed canarygrass 10.0 6 8.0 5 9.0 6 
Tall fescue 10.0 6 10.0 7 10.0 , 8 
F 10.04** 20.99** W » 
X 1 1 
Second cutting 
Management I 
Bromegrass 4.0* 1 4.0 1 4.0 1 
Orchardgrass 5.5 2 5.0 2 5.3 2 
Reed canarygrass #1 7.5 5 8.0 5 7.8 4 
Reed canarygrass #2 9.0 6 7.5 4 8.3 6 
Tall fescue 7.0 4 9.0 7 8.0 5 
Management II 
Bromegrass 6.5 3 7.0 3 6.8 3 
Orchardgrass 11.0 8 12.0 9 11.5 9 
Reed canarygrass 10.5 7 11.0 8 10.8 8 
Tall fescue 11.0 8 8.5 6 9.8 7 
F 
X 
22.67** 
2 
10.50** 
1 
1963 second cutting scores were divided by two to put 1963 and 1964 
values on a comparable basis. 
**F value was significant at the .01 level of probability. 
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Table 13. Relative palatablllty to rabbits and sheep of dried third 
cutting forage from four grass species 
Rabbits Sheep 
Species 1963 1964 1964 
Score Rank Score Rank Score Rank 
Management I 
Bromegrass 12.5 3 
Orchardgrass 24.0 9 15.0 6 13.0 5 
Reed canarygrass #1 17.5 6 10.0 3 8.0 2 
Reed canarygrass #2 14.0 4 
Tall fescue 22.0 8 11.5 4 14.0 6 
Management II 
Bromegrass 10.0 1 
Orchardgrass 19.0 7 11.5 4 9.0 3 
Reed canarygrass 10.5 2 5.0 1 9.0 3 
Tall fescue 14.5 5 7.0 2 7.0 1 
F 18.22** 24.41** 3.33 
\ 2 2 2 
**F value was significant at the .01 level of probability. 
at the first cutting in 1963 and it was the most palatable species under 
Management I. When the scores were averaged over the two years, smooth 
bromegrass and reed canarygrass were found to be about equal in palat­
ablllty and both had better scores than tall fescue and orchardgrass. 
Bromegrass was definitely preferred over the other three species 
at the second cutting (Table 12). Orchardgrass was second in palatablllty 
under Management I; however, it was one of the least preferred species 
under Management 11. The palatablllty of reed canarygrass and tall fescue 
was relatively low under both managements at the second cutting. 
Bromegrass also was the most palatable species at the third cutting 
in 1963 (Table 13). In rabbit trials, reed canarygrass compared favorably 
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with bromegrass in 1963 under Management II and was preferred over tall 
fescue and orchardgrass under both managements in 1964. Differences among 
the entries were not significant statistically when sheep were used as the 
test animals in 1964. The correlation between rabbit palatability scores 
and those obtained using sheep was positive but not significant (r = .66). 
Although the variation among species was closely related to maturity 
and amount of regrowth, it is noteworthy that the palatability of reed 
canarygrass coiq>ared favorably with that of the other three species with 
the exception of bromegrass at the second harvest. This was especially 
true for the rabbit trials on the third-cutting forage. It should be 
pointed out that palatability of orchardgrass at the second and third 
cuttings was probably reduced somewhat by disease. The relatively high 
palatability of aftermath forage from bromegrass may be due to its slow 
recovery after cutting. In other words, the forage may not have been as 
advanced in stage of development as for the other species. 
Reed Canarygrass Clonal Lines and Topcross Progenies 
Certain limitations and assumptions should be recognized before 
interpreting the results of this section. Since the variability among the 
progenies was used to estimate the additive genetic variance among the 
parental clones, the genetic contribution of the topcross parent is an 
important consideration. If the relationship between the gene frequency 
of the topcross parent and the genetic variability among the progenies is 
as postulated by Rawllngs and Thompson (1962), narrow-sense heritablllty 
estimates would vary considerably depending on the performance level of 
the topcross parent. This bias could be largely overcome by choosing a 
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topcross parent with gene frequencies similar to those of the population 
under study. 
Results from the present study and from yield trials conducted by 
Baltensperger (1958) indicate that the variety loreed (the topcross parent) 
and the clonal lines used in this trial are similar with respect to forage 
yield. It should also be pointed out that the original topcross nursery 
was established by planting loreed and the clonal material in alternate 
rows. Therefore, the male parentage of the progenies included in this 
study consisted not only of the variety loreed but the various clones as 
well. Considering these facts, it would seem logical to assume that, with 
respect to forage yield, the gene frequencies of the clonal lines and the 
plants making up the male parentage in the topcross nursery were essential­
ly equal. This assumption was also extended to palatability and percent 
crude protein since none of the plant material Involved was selected for 
these attributes. Results from this study indicate that the protein 
levels of the clonal lines and loreed are similar. 
These results were interpreted on the assumption of no epistasis. 
If there was epistasis, the estimates of genetic variance would be too 
high. 
Disomic inheritance also was assumed. The high frequency of bivalent 
formation during meiosis of reed canarygrass would tend to support this 
assumption; however, conclusive evidence based upon inheritance studies 
is not available. If inheritance were of a tetrasomic nature, the progeny 
variance component (o^ ) would contain some digenic (dominance) effects 
and the additive genetic variance would be overestimated. 
Entries (clones or progenies) were considered as random variables. 
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since they were relatively unselected for the characters under considera­
tion. It is reasonable to assume, therefore, that the results obtained 
could be applied to the population from which the clonal lines were 
derived. However, only one location was used, and as a result some geno­
type X environment interaction variance may be included in the clonal line 
and progeny variance components. 
It was assumed that each clone received a random sample of pollen 
in the topcross nursery and that no self-fertilization occurred. Work 
done by Wassom and Kalton (1938) would tend to support the first assump­
tion and several workers (Ficke, 1925; Smith, 1944; Keller, 1948; Starling, 
1958; Brown, 1961) have reported low self-fertility in reed canarygrass. 
Newell and Eberhart (1961) noted that assortative mating and self-fertil­
ization could result in a closer relationship between parents and progenies 
than would be the case under random mating. 
It was also assumed that there were no multiple alleles or nongenetic 
maternal effects, and that the genotypic and environmental effects were 
independently distributed. If linkage existed among the genes affecting 
the characters studied, linkage equilibrium was assumed. 
Uniformly good stands were obtained for all entries. There was some 
variability with respect to stage of development at the time of the first 
cutting. Heading dates of the clonal and progeny lines in 1964 are given 
in Appendix Table 40. 
Forage yield 
The mean forage yields for the clonal and progeny lines are presented 
In Tables 14 and 15. The analyses of variance of the forage yield data 
Table 14. Mean forage yield of reed canarygrass clonal lines for two-year period 
Tons of oven-dry forage per acre 
Management I Management II Managements combined 
Clonal First Second Third Annual First Second Third Annual First Second Third Annual 
no. cut cut cut yield cut cut cut yield cut cut cut yield 
1-1 .99 .99 1.73 3.70 1.89 1.29 1.22 4.40 1.44 1.14 1.47 4.05 
2-1 .99 .83 1.44 3.26 1.77 1.38 1.09 4.24 1.38 1.10 1.27 3.75 
2-5 .86 .74 1.40 3.00 1.37 1.03 .81 3.20 1.12 .88 1.10 3.10 
3-3 1.02 .98 2.08 4.08 1.50 1.68 1.34 4.53 1.26 1.33 1.71 4.30 
3-5 .87 1.07 2.25 4.20 1.41 1.60 1.40 4.40 1.14 1.33 1.83 4.30 
3-6 1.14 .92 1.64 3.71 1.89 1.43 1.36 4.68 1.52 1.18 1.50 4.19 
6-3 1.18 1.08 1.80 4.06 1.99 1.36 1.08 4.43 1.59 1.22 1.44 4.24 
13-4 .98 .71 1.69 3.38 1.74 1.29 .97 4.00 1.36 1.00 1.33 3.69 
15-1 1.21 1.28 2.21 4.70 1.91 1.73 1.22 4.86 1.56 1.50 1.72 4.78 
16-7 1.26 .79 2.26 4.31 2.08 1.42 1.19 4.69 1.67 1.10 1.73 4.50 
19-6 .76 .88 2.13 3.78 1.37 1.39 1.14 3.90 1.07 1.14 1.63 3.84 
21-6 1.06 .92 2.17 4.14 1.78 1.57 1.30 4.64 1.42 1.24 1.73 4.39 
23-4 .99 .87 1.71 3.57 1.50 1.25 .99 3.74 1.24 1.06 1.35 3.65 
37-1 .83 1.19 2.05 4.08 1.92 1.86 1.31 5.08 1.38 1.53 1.68 4.58 
42-6 1.11 1.20 2.29 4.60 2.03 1.56 1.45 5.05 1.57 1.38 1.87 4.82 
46-4 1.25 1.00 1.92 4.18 2.08 1.65 1.12 4.85 1.66 1.33 1.52 4.51 
47-2 1.06 .90 2.15 4.11 1.62 1.47 1.44 4.53 1.34 1.19 1.80 4.32 
48-5 1.36 1.05 2.14 4.56 1.90 1.50 1.45 4.85 1.63 1.28 1.80 4.70 
48-8 1.56 .96 2.08 4.60 2.15 1.42 1.23 4.81 1.86 1.19 1.65 4.70 
50-1 1.03 1.17 2.36 4.57 1.78 1.73 1.46 4.97 1.41 1.45 1.91 4.77 
Mean 1.08 .98 1.98 4.03 1.78 1.48 1.23 4.49 1.43 1.23 1.60 4.26 
Table 15. Mean forage yield of reed canarygrass topcross progenies for two-year period 
Tons of oven-dry forage per acre 
Management I Management II Managements combined 
Clonal First Second Third Annual First Second Third Annual First Second Third Annual 
no. cut cut cut yield cut cut cut yield cut cut cut yield 
1-1 .85 .93 2.25 4.03 1.09 1.40 1.10 3.58 .97 1.16 1.67 3.80 
2-1 .91 .95 2.34 4.19 1.21 1.33 1.22 3.76 1.06 1.14 1.78 3.98 
2-5 .89 .90 2.18 3.98 1.15 1.32 1.12 3.59 1.02 1.11 1.65 3.79 
3-3 .91 .96 2.14 4.01 1.24 1.52 1.17 3.94 1.08 1.24 1.65 3.97 
3-5 .90 .98 2.43 4.31 1.00 1.42 1.19 3.62 .95 1.20 1.81 3.96 
3-6 .88 .88 2.01 3.76 1.28 1.46 1.29 4.03 1.08 1.17 1.65 3.89 
6-3 .79 .92 2.15 3.87 1.26 1.46 1.16 3.87 1.02 1.19 1.66 3.87 
13-4 .83 .87 2.16 3.85 1.28 1.49 1.24 4.02 1.05 1.18 1.70 3.93 
15-1 .85 .99 2.28 4.12 1.42 1.49 1.21 4.13 1.14 1.24 1.74 4.12 
16-7 .93 .92 2.37 4.23 1.53 1.47 1.33 4.33 1.23 1.20 1.85 4.28 
19-6 .72 .95 2.22 3.90 1.23 1.52 1.24 3.98 .97 1.23 1.73 3.94 
21-6 .88 .90 2.27 4.04 1.14 1.52 1.22 3.87 1.01 1.21 1.74 3.96 
23-4 .86 .90 2.17 3.94 1.39 1.41 1.16 3.97 1.13 1.16 1.67 3.95 
37-1 .83 1.05 2.28 4.15 1.12 1.52 1.25 3.89 .97 1.28 1.77 4.02 
42-6 .85 .99 2.25 4.09 1.23 1.53 1.18 3.94 1.04 1.26 1.72 4.02 
46-4 .85 .90 2.24 3.98 1.26 1.34 1.16 3.75 1.05 1.12 1.70 3.87 
47-2 .90 .97 2.38 4.25 1.30 1.52 1.34 4.17 1.10 1.25 1.86 4.21 
48-5 .87 .90 2.10 3.88 1.38 1.42 1.35 4.15 1.13 1.16 1.73 4.01 
48-8 1.06 .85 2.16 4.07 1.35 1.36 1.30 4.01 1.20 1.11 1.73 4.04 
50-1 1.03 1.07 2.36 4.46 1.32 1.44 1.24 4.01 1.18 1.26 1.80 4.24 
Mean .88 .94 2.24 4.06 1.26 1.45 1.22 3.93 1.07 1.19 1.73 3.99 
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combined over years are found In Tables 16 through 19. Components of 
variance from the analyses over managements and years are found In Table 
20. Herltabllltles, ratios of additive to total genetic variance, parent-
progeny correlations, and expected genetic advances In forage yield are 
presented in Tables 21 through 23. Differences among the clonal lines 
were found to be significant In all analyses over years. The variance 
among the progenies was considerably less than that among the clones In 
all instances. The variance component for the clones was .0327, .0243, 
.0387 and .0195 for the first, second and third cuttings and annual yield, 
respectively. The corresponding values for the progenies were .0026, 
.0018, -.0006 and -.0001. When the data were analyzed over managements 
within years (^ pendlx Table 46), differences among the progenies were 
significant (.05 or .01 level) in all Instances except at the third 
cutting in 1963 and for annual yield in 1964. The year x clone Interaction 
was significant in all except one of the analyses over years. The year x 
progeny interaction in the analyses over managements was significant at 
the .05 level for the first cutting and at the .01 level for the third 
cutting and annual yield. This indicates the Importance of evaluating 
breeding material on the basis of more than one year's results. 
The clonal lines produced more forage than the progenies at the first 
cutting under both managements. -This was particularly true in 1963 when 
the mean first-cutting yields over managements were 1.56 and 1.11 tons 
per acre for the clones and progenies, respectively (Appendix Tables 41 
and 42). This may have been due to the different planting methods used. 
The vegetatlvely propagated clonal plots appeared to become established 
faster than the seeded plots of the progenies. When the data were combined 
Table 16. Analyses of variance of forage yield data combined over two years from reed canarygrass 
clonal lines 
Mean squares 
Management I Management II 
Source of First Second Third Annual First Second Third Annual 
variation d.f. cut cut cut yield cut cut cut yield 
Blocks (B) 3 .3339 .1700* .7272** .7453** .6465 .7469 .1408** 1.0798 
Clones (C) 19 .2942** .1985** .6654** .6140** .4898** .3101** .2648** .6152** 
B x C 57 .0679** .0150** .1292** .1437** .0783** .0383* .0164 .0880** 
Years (Y) 1 .6528* .3098* 77.4509** 27.3130** 5.7116 4.1024* 16.2754** 6.4496** 
Y x B 3 .0529 .0219* .0176 .0199 .6830** .2536** .0039 .2001** 
Y x C 19 .0494* .0177** .1236** .0590** .0925** .0360 .0529** .0765** 
Y x B x C 57 .0220 .0068 .0411 .0246 .0397 .0214 .0178 .0334 
Cuts (D) 2 48.5206 12.4186 
D x B 6 .2429** .2272 
D x C 38 .2721** .2247** 
D x B x C 114 .0342* .0225 
D x Y 2 25.5502** 9.8199** 
D x Y X B 6 .0363 .3703** 
D x Y x C 38 .0659** .0525** 
D x Y x B x C 
\ 
114 .0227 .0228 
CV (%) 13.73 8.42 10.24 11.22 11.19 9.89 10.85 10.09 
*F value was significant at the .05 level of probability. 
**F value was significant at the .01 level of probability* 
Table 17. Analyses of variance of forage yield data combined over two years from reed canarygrass 
topcross progenies 
Mean squares 
Management 1 Management II 
Source of First Second Third Annual First Second Third Annual 
variation d.f. cut cut cut yield cut cut cut yield 
Blocks (B) 3 1.0946 .1232** 2 .0363* 2.5334** .9226 .6718** .2010 1.5092 
Progenies (P) 19 .0426 .0264* .0894 .0819 .1246* .0383 .0423 .1052 
B X P 57 .0429** .0111* .0599 .0723** .0445** .0167 .0232 .0557** 
Years (Y) 1 .7924 .2074*100 .8380** 25.2083** 3.4899 2.7248**13 .6539** 5.1026* 
Y X B 3 .2684** .0107 .2516** .0548 .9962** .0393* .1305** .4140** 
Y X P 19 .0271 .0042 .0689 .0528 .0346* .0168 .0359 .0389** 
Y x B x P 57® .0172 .0063 .0422 .0326** .0161 .0115 .0221 .0165 
Cuts (D) 2 94.1569 2.3334 
D x B 6 .3604 .1431 
0 x P 38 .0383 .0500* 
D x B x P 114 .0208 .0143 
D x Y 2 38.3147** 7.3830** 
D x Y x B 6 .2380** .3760** 
D x Y x P 38 .0237 .0242 
D x Y x B x P 114® .0166 .0168 
CV (%) 14.90 8.45 9.17 9.52 10.07 7.39 12.19 9.89 
O^ne and three missing plots at second and third cuts, respectively, of Management II. 
**F value was significant at the .01 level of probability. 
*F value was significant at the .05 level of probability. 
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Table 18. Analyses of variance of forage yield data combined over two 
years and two management systems from reed canarygrass clonal 
lines 
Mean squares 
Source of First Second Third Annual 
variation d.f. eut eut cut yield 
Managements (M) 1 40.0516* 20.4222 44.8576 5.7412 
Blocks/M (B/M) 6 .4902 .4584 .4340** .9126** 
Clones (C) 19 .6762** .4414** .7725** 1.1239** 
C x M 19 .1079 .0672** .1577 .1053 
C x B/M 114 .0731** .0267** .0728** .1158** 
Years (Y) 1 5.1131** 3.3334** 82.3673** 30.1538** 
Y x M 1 1.2513 1.0788* 11.3590** 3.6089** 
Y x B/M 6 .3680** .1378** .0108 .1100** 
Y x C 19 .1110** .0401** .1103** .1002** 
Y x C x M 19 .0309 .0136 .0662** .0352 
Y x C x B/M 114 .0309 .0141 .0295 .0290 
Guts (D) 2 11.1442 
D x M 2 49.7951 
D x B/M 12 .2350 
D x C 38 .3831** 
D x G x M 38 .1137** 
D x G x B/M 228 .0284* 
D x Y 2 30.3300** 
D x Y x M 2 5.0401** 
D x Y x B/M 12 .2033** 
D x Y x G 38 .0806** 
D x Y x G x M 38 .0378* 
D x Y x G x B/M 228 .0227 
GV (%) 12.29 9.65 10.74 10.61 
*F value was significant at the .05 level of probability. 
**F value was significant at the .01 level of probability. 
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Table 19. Analyses of variance of forage yield data combined over two 
years and two management systems from reed canarygrass top-
cross progenies 
Mean squares 
Source of First Second Third Annual 
variation d.f. eut eut cut yield 
Managements (M) 1 11.5178 20.7061* 82.1949 .4196 
Blocks/M (B/M) 6 1.0086 .3975** 1.1187* 2.0213** 
Progenies (P) 19 .1013 .0438** .0686 .0958 
P x M 19 .0660 .0209 .0631 .0913 
P x B/M 114 .0437** .0139* .0415 .0640** 
Years (Y) 1 .4782 2.2178** 94.3517** 26.4969** 
Y x M 1 3.8041* .7144** 20.1402** 3.8140** 
Y x B/M 6 .6323** .0250* .1911** .2344** 
Y x P 19 .0324* .0101 ,0697** .0628** 
Y x P x M 19 .0293* .0109 .0351 .0290 
Y x P x B/M® 114 .0166 .0088 .0322 .0245* 
Cuts (D) 2 39.4908 
D x M 2 56.9996 
D x B/M 12 .2517 
D x P 38 .0589** 
D x P x M 38 .0294 
D x P x B/M 228 .0175 
D x Y 2 35.2753** 
D x Y x M 2 10.4224** 
D x Y x B/M 12 .3070** 
D x Y x P 38 .0247* 
D x Y x P x M 38 .0232 
D x Y x P x B/M^  228 .0167 
CV (%) 12.04 7.88 10.37 9.71 
O^ne and three missing plots at second and third cuts, respectively. 
*F value was significant at the .05 level of probability. 
**F value was significant at the .01 level of probability. 
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Table 20. Variance components from analyses of variance of forage yield 
data combined over two years and two management systems* 
First Second Third Annual 
cut cut cut yield 
Clones 
4 .0327** .0243** .0387** .0195** 
°Cll .0044 .0051** .0060 -.0007 
4c .0100** .0032** .0101** .0030** 
2 
*YCM .0000 -.0001 .0092** .0005 
0^  .0309 .0141 .0295 .0227 
Progenies 
4 .0026 .0018** -.0006 -.0001 
°PM .0012 .0006 .0023 .0010 
°YP .0020* .0002 .0047** .0016** 
4PM .0032* .0005 .0007 .0004 
.0166 .0088 .0322 .0167 
» clones, M " managements, Y » years, P = progenies. 
**F value was significant at the .01 level of probability. 
*F value was significant at the .05 level of probability. 
Table 21. Genetic variances, herltablllty estimates, ratios of additive to total genetic variance 
and parent-progeny correlations calculated from forage yield data combined over two years* 
Total genetic variance (og) 
Additive genetic variance 
2CovPC 
4aj^  
Additive variance/total 
genetic variance 
2CovPC/o2 
4o§/o3 
Herltablllty 
Broad-sense 
0p/0~ (mean basis) 
 ^pn 
°^ °ph (plot basis) 
Management 1 
First Second Third Annual 
cut cut cut yield 
.0249 .0216 .0567 .0182 
.0134 .0118 .0264 .0070 
.0052 .0088 .0016 -.0016 
Management II 
First Second Third Annual 
cut cut cut yield 
.0448 .0322 .0267 .0202 
.0232 .0120 .0120 .0078 
.0308 .0080 .0028 .0044 
.54 
.21 
.55 
.41 
.47 
.03 
.38 
.09 
.52 
.69 
.37 
.25 
.45 
.10 
.39 
.22 
.68 
.32 
.87 
.61 
.68 
.35 
.71 
.28 
.73 
.38 
.83 
.49 
.81 
.51 
.79 
.34 
®0Q « variance component for clones, Op » variance component for progenies, CovFC » parent-
progeny covarlance, » phenotypic variance (mean basis) and = phenotyplc variance (plot basis). 
Table 21. (Continued) 
Herltabillty (continued) 
Narrow-sense 
2CavPC/a=2-
Ph 
Parent-progeny correlation (r) 
Management I 
First Second Third Annual 
cut cut cut yield 
36 .48 .32 .27 
14 .35 .02 -.06 
48* .65** .43 .37 
Management II 
First Second Third Annual 
cut cut cut yield 
38 .31 .36 .30 
50 .21 b
 
00
 
.17 
38 .44 .46* .37 
*r value was significant at the .05 level of probability. 
**r value was significant at the .01 level of probability* 
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Table 22. Genetic variances, heritability estimates, ratios of additive 
to total genetic variance and parent-progeny correlations cal­
culated from forage yield data combined over two years and 
two management systems^  
First 
cut 
Second 
cut 
Third 
cut 
Annual 
yield 
Total genetic variance (o^ ) .0327 .0243 .0387 .0195 
Additive genetic variance 
aCovFC .0186 .0110 .0160 .0078 
.0104 .0072 -.0024 -.0004 
Additive variance/total genetic variance 
2CovPC/oc .57 .45 .41 .40 
4o|/ac .32 .30 -.06 - .02 
Heritability 
Broad-sense 
0^0— (mean basis) .77 .88 .80 .83 
°c/°ph (plot basis) .35 .51 .39 .32 
Narrow-sense 
2GovFC/ai|. .44 .40 .33 .33 
.25 .26 -.05 -.02 
Parent-progeny correlation (r) .57** .63** .56* .57** 
* variance component for clonal lines, Op » variance component 
for progenies, CovPC " parent-progeny covariance, " phenotypic variance 
on a mean basis and Oph " phenotypic variance on a plot basis. 
**r value was significant at the .01 level of probability. 
*r value was significant at the .05 level of probability. 
Table 23. Expected genetic advance and predicted forage yield of synthetic varieties produced by 
combining the four highest yielding clones at each cutting and on an annual yield basis 
Management I Management II Managements combined 
First Second Third Annual First Second Third Annual First Second Third Annual 
cut cut cut yield cut cut cut yield cut cut cut yield 
Mean of selected 
clones® 
Clonal mean 
Selection differ­
ential 
H (narrow-sense)^  
Expected genetic 
advance 
loreed mean 
Synthetic mean 
T/A 
Percent of loreed 
Percent of clonal 
mean 
1.36 1.21 2.29 
1.08 .98 1.98 
.28 .23 .31 
.36 .48 .32 
.10 .11 .10 
.96 .94 2.34 
1.18 1.09 2.08 
123 116 89 
109 111 105 
4.62 2.08 1.75 
4.03 1.78 1.48 
.59 .30 .27 
.27 .38 .31 
.16 .11 .08 
4.24 1.36 1.51 
4.19 1.89 1.56 
99 139 103 
104 106 105 
1.45 4.99 1.70 
1.23 4.49 1.43 
.22 .50 .27 
.36 .30 .44 
.08 .15 .12 
1.24 4.11 1.16 
1.31 4.64 1.55 
106 113 134 
107 103 108 
1.46 1.85 4.77 
1.23 1.60 4.26 
.23 .25 .51 
.40 .33 .33 
.09 .08 .17 
1.23 1.79 4.18 
1.32 1.68 4.43 
107 94 106 
107 105 104 
*Yield data expressed in tons of dry matter per acre. 
 ^- 2CovPC/o|jj. 
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over years, the difference between managements was significant (.05 level) 
in the clonal data, but was nonsignificant for the progenies. However, 
the management mean square was significant (.01 level) in the 1963 
progeny analysis. The year x management interaction was significant at 
the .05 level in the analyses of the first-cutting yields from the pro­
genies. The year x management interaction is included in the denominator 
of the approximate F-test for managements. Therefore, when this inter­
action is large, the F-test for managements is often nonsignificant even 
though the difference appears quite sizeable and is significant in the 
yearly analyses. 
The 1964 spring vigor under Management II was noticeably less than 
under Management I. This was particularly true for the progenies. The 
mean 1964 first-cutting yields for the progenies were .95 and 1.11 tons 
of dry matter per acre under Managements I and II, respectively (Appendix 
Table 44). The difference between these two means was nonsignificant even 
though the growth had accumulated two weeks longer under Management II. 
Conclusive evidence as to why this occurred is not available from these 
data, but length of regrowth period as it affects level of stored carbo­
hydrates in the plants at the time of the 1963 third cutting was probably 
Involved. 
Information concerning genetic variability for first-cutting forage 
yield is presented in Tables 21 and 22. Broad-sense heritability values 
(on a mean basis) ranged from .68 to .77 at the first cutting. Narrow-
sense heritabilities calculated by doubling the regression of progenies on 
parents (or 2CovPC/a^ ) were .36, .38 and .44 for Management I, Management 
ph 
II and the two managements combined, respectively. The heritability 
values computed using 40p as an estimate of the additive genetic variance 
were more variable ranging from -.14 to .50. The parent-progeny correla­
tion coefficient was significant at the .05 level for Management I (r = 
.48) and at the .01 level for Management II (r « .57). The ratio of the 
additive genetic variance to the total genetic variance (2CovPC/oq) ranged 
from .32 to .57. The predicted yields of synthetic varieties formed by 
combining the top four clonal lines were 123, 139 and 134 percent of 
loreed for Managements I and II and the two managements combined, re­
spectively (Table 23). However, it should be noted that loreed was grown 
In seeded plots and the predicted yields of the synthetics were calculated 
considering the forage yields of vegetatively propagated clonal lines. 
Therefore, the higher first-cutting yields of the vegetatively propagated 
plots may have biased these figures upward somewhat. The synthetic 
varieties would be expected to yield 109, 106, and 108 percent of the 
clonal mean. 
The mean second-cutting forage yields over years for Management I 
were .98 and .94 for the clonal and progeny lines, respectively. The 
corresponding yields under Management II were 1.48 and 1.45 tons per acre. 
The difference between managements was significant at the .05 level in 
the analysis of the progeny data combined over years and was significant 
at the .01 level in each of the individual year analyses. When the 
clonal data were combined over years, the difference between managements 
was nonsignificant; however, this difference was significant at the .05 
level in 1963 and at the .01 level in 1964. The year x management inter­
action was significant at the .05 level for the clonal data and at the 
.01 level for the topcross progenies. This was due primarily to a wider 
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range in forage yields between the two managements in 1964, for both the 
clones and progenies. The wider range was the result of higher second-
cutting yields in 1964 under Management II. 
Broad-sense heritabilities for second-cutting yield (on a mean basis) 
were .87, .83 and .88 for Managements I and II and for the data combined 
over managements, respectively. These values calculated on a plot basis 
were approximately half as large. Narrow-sense heritabilities obtained by 
doubling the regression of progeny on parental clones were .48, .31 and 
.40 for Managements I and II and the two managements combined, respective­
ly. The heritability values calculated with 4op as an estimate of the 
additive genetic variance were less variable than those obtained for the 
first cutting ranging from .21 for Management II to .35 for Management I. 
The parent-progeny correlation coefficient was significant (.01 level) for 
Management I and for the data combined over managements (r = .65 and .63). 
The ratio of the additive variance to the total genetic variance 
(2CovPC/o§) ranged from .37 to .55. The expected genetic advance in 
second-cutting yields was similar to that obtained at the first cutting 
(approximately .10 of a ton per acre). The predicted yields of the 
synthetic varieties, expressed as a percent of the yield of loreed, were 
116, 103, and 107 percent for Managements I and II and the two managements 
combined, respectively. When expressed as a percent of the clonal mean, 
the corresponding values were 111, 105 and 107 percent. 
The mean third-cutting forage yields over years under Management I 
were 1.98 and 2.24 tons per acre for the clonal and progeny lines, 
respectively. The corresponding yields under Management II were 1.23 and 
1.22 tons per acre. The mean square for managements was nonsignificant 
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in the clonal and progeny analyses combined over years. The year x 
management interaction was significant (.01 level) in both the clonal 
and progeny analyses. The smaller difference between managements in 1964, 
as compared to 1963, accounts for much of this high year x management 
interaction. For example, the 1963 forage yields of the clonal lines 
were 2.67 and 1.55 tons per acre under Managements I and II, respectively. 
The corresponding yields in 1964 were 1.28 and .91 tons per acre. A 
similar trend was noted in the progeny data. Differences between manage­
ments were significant (.01 level) for the clonal and progeny lines in 
both individual year analyses. The relative performance of the entries 
under each of the management systems was of considerable interest at 
the third cutting. Both the clone x management and progeny x management 
interactions were nonsignificant in the analyses of variance over years. 
A significant year x clone x management interaction indicated differential 
performance of the clones In the different management-year combinations. 
The progeny x management interaction was significant (.01 level) in 
1964. 
Broad-sense heritablllty estimates (on a mean basis) at the third 
cutting were .68, .81 and .80 for Management 1 and II and the two 
managements combined, respectively. The corresponding values on a plot 
basis were approximately half as large. Narrow-sense heritablllty values 
obtained by doubling the regression of progeny on parents were .32, 
.36 and .33 for Management I and II and over the two managements, 
respectively. When 4o^  was used to estimate the additive genetic variance, 
the heritablllty values were much lower, ranging from -.05 to .08. The 
parent-progeny correlation coefficient was significant (.05 level) for 
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Management 11 and when the data were combined over managements (r » .46 
and .56). The ratio of the additive variance to the total genetic 
variance (2CovPC/o^ ) ranged from .41 to .47. The predicted third-cutting 
yields of synthetic varieties, formed by combining the top four clonal 
lines, were 89, 106 and 94 percent of loreed for Management 1 and II and 
over the two managements, respectively. When expressed as a percent of 
the clonal mean, the corresponding values were 105, 107 and 105 percent. 
The annual forage yields over years for Management I were 4.03 
and 4.06 tons per acre for the clonal and progeny lines, respectively. 
The corresponding yields under Management 11 were 4.49 and 3.93 tons per 
acre. The difference between managements was nonsignificant in both the 
clonal and progeny analyses over years. When the annual yield data were 
analyzed within years, the mean square for managements was nonsignificant 
except in the 1964 clonal analysis. Although yields under both manage­
ments were less in 1964 than in 1963, there was a greater reduction under 
Management I for both clones and progenies. This differential reduction 
in yield appeared to be largely responsible for the significant year x 
management Interactions. The clone x management and progeny x management 
interactions were nonsignificant in all analyses of variance (within and 
over years). The cutting x clone and cutting x progeny interactions were 
significant (.01 level) in the analyses of the yield data combined over 
managements. This indicates that the entries yielded differentially at 
the three cutting dates. 
Broad-sense heritabilities on a mean basis for annual yield were .71, 
.79 and .83 for Management I and II and over the two managements, 
respectively. The corresponding values on a plot basis ranged from .28 
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to .34. Narrow-sense heritabillties, obtained by doubling the regression 
of progenies on parents, were generally sometAiat less for annual yield than 
for each of the three cuttings ranging from .27 to .33. Herltablllty 
values obtained with 4op as an estimate of the additive genetic variance 
were considerably lower ranging from -.06 to .17. The ratio of the 
additive variance (2CovPG) to the total genetic variance ranged from 
.38 to .40. The parent-progeny correlation for annual yield was signifi­
cant only when the data were combined over managements (r » .57). Syn­
thetic varieties produced by combining the four lines with the highest 
annual yield would be expected to yield 99, 113 and 106 percent of the 
annual yield of loreed for Managements 1 and 11 and for the two manage­
ments combined, respectively. The corresponding annual yields expressed 
as a percent of the clonal mean were 104, 103 and 104 percent. 
In summary, heritabillties computed by using 40p as the estimate of 
the additive genetic variance were inconsistent and generally considerably 
lower than twice the regression of progenies on parents. Heritabillties 
obtained utilizing 2CovPC as an estimate of the additive genetic variance 
are in reasonably good agreement with those previously reported in forage 
grasses. Gardner (1963) reviewed several papers concerning genetic vari­
ability in forage grasses. He concluded that, with respect to forage 
yield, the additive genetic variance constituted somewhat less than half 
the total genetic variance, and narrow-sense heritabillties were approxi­
mately 20 to 30 percent. 
Since the additive genetic variance appears to constitute less than 
half the total genetic variance, a breeding system designed to take 
advantage of the nonaddltlve as well as the additive genetic effects 
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should be of value for Increasing forage yield. A program such as 
reciprocal recurrent selection, resulting in the production of hybrids 
or first generation synthetics would appear to offer promise. 
Crude protein content of third-cutting forage 
Mean crude protein percentages for the reed canarygrass clonal lines 
and topcross progenies are presented in Tables 24 and 25. The analyses 
of variance of the protein data combined over years are presented in 
Tables 26 and 27. Heritabilities, ratios of additive to total genetic 
variance and parent-progeny correlations for percent crude protein are 
presented in Table 28. Crude protein levels were significantly higher (.01 
level) In 1964 than in 1963 in both the clonal and progeny lines. This 
was possibly associated with the lower third-cutting forage yields in 
1964. Mean crude protein percentages over years for Management I were 
11.36 and 10.91 for the clonal lines and topcross progeny, respectively. 
The corresponding values for Management 11 were 16.10 and 15.28. The 
difference between managements was significant (.01 level) in both the 
clonal and progeny analyses over years. This would be expected since the 
growth under Management 1 had accumulated one month longer than under 
Management 11. Differences among the clonal lines were significant at the 
.01 level under Management 11 and when the data were combined over manage­
ments. However, the progeny mean square was nonsignificant in all 
analyses over years. The year x clone and year x progeny Interactions 
were significant (.01 level) vtien the data were combined over managements. 
%ls indicates that, as was the case in forage yield, differences in 
protein content among the entries varied in different years. Such results 
Table 24. Mean percent crude protein in third cutting forage from reed canarygrass clonal lines 
Clonal 
no. 
Management I Management II Managements combined 
1963 1964 1963-64 1963 1964 1963-64 1963 1964 1963-64 
1-1 10.78 12.40 11.62 15.31 18.61 16.96 13.37 15.51 14.68 
2-1 11.05 13.71 12.38 14.86 18.36 16.61 13.23 16.04 14.80 
2-5 12.24 15.52 13.93 16.30 20.08 18.19 14.56 17.80 16.36 
3-3 11.49 12.38 11.94 13.64 17.09 15.37 12.72 14.73 13.90 
3-5 8.78 11.80 10.22 14.43 16.22 15.33 12.01 14.01 13.14 
3-6 11.75 12.32 12.02 16.04 15.86 15.95 14.20 14.09 14.27 
6-3 11.14 13.10 12.13 15.10 18.16 16.63 13.41 15.63 14.70 
13-4 9.85 14.71 12.38 15.68 19.96 17.82 13.18 17.34 15.49 
15-1 8.99 12.69 10.64 15.27 18.24 16.75 12.58 15.46 14.13 
16-7 8.88 11.80 10.26 14.68 17.64 16.16 12.19 14.72 13.63 
19-6 10.67 12.96 11.72 16.38 18.48 17.43 13.93 15.72 14.98 
21-6 9.82 11.11 10.55 13.44 16.22 14.83 11.89 13.67 13.00 
23-4 10.51 13.81 12.01 16.09 18.20 17.14 13.70 16.01 14.95 
37-1 8.66 11.22 9.88 14.28 15.93 15.10 11.87 13.58 12.87 
42-6 9.86 11.21 10.54 13.66 17.61 15.64 12.04 14.41 13.45 
46-4 11.50 12.49 11.91 15.89 18.38 17.13 14.01 15.43 14.89 
47-2 9.05 11.76 10.57 13.35 17.39 15.37 11.51 14.58 13.31 
48-5 9.23 12.28 10.77 12.08 15.74 13.91 10.86 14.00 12.56 
48-8 10.16 13.12 11.69 13.52 17.91 15.71 12.08 15.52 13.99 
50-1 10.04 10.28 10.05 12.96 15.04 14.00 11.71 12.66 12.30 
Mean 10.22 12.53 11.36 14.65 17.56 16.10 12.75 15.04 14.07 
Table 25. Mean percent crude protein in third cutting forage from reed canarygrass topcross 
progenies 
Clonal Management 1 Management II Managements combined 
no. 1963 1964 1963-64 1963 1964 1963-64 1963 1964 1963-64 
1-1 10.43 11.99 11.21 14.37 17.19 15.69 12.12 14.59 13.13 
2-1 9.89 12.15 11.02 13.38 17.14 15.19 11.39 14.64 12.81 
2-5 10.27 11.56 10.91 14.60 16.50 15.52 12.13 14.03 12.89 
3-3 10.72 11.88 11.30 15.04 16.42 15.60 12.57 14.15 13.14 
3-5 10.07 11.75 10.91 15.77 16.38 16.01 12.51 14.06 13.10 
3-6 10.36 11.11 10.74 14.15 15.75 14.96 11.99 13.43 12.55 
6-3 10.03 12.10 11.07 16.10 15.92 15.92 12.63 14.01' 13.14 
13-4 9.66 11.81 10.73 12.42 16.94 14.68 10.84 14.38 12.43 
15-1 9.24 12.03 10.64 13.46 17.08 15.20 11.05 14.55 12.59 
16-7 10.11 11.87 10.99 14.03 16.62 15.04 11.79 14.24 12.73 
19-6 9.06 12.24 10.65 14.86 16.87 15.73 11.55 14.56 12.83 
21-6 10.33 12.02 11.17 14.93 15.25 14.84 12.30 13.64 12.74 
23-4 10.06 12.24 11.15 15.93 17.27 16.53 12.57 14.76 13.45 
37-1 9.21 11.39 10.30 14.23 16.29 15.12 11.36 13.84 12.37 
42-6 9.84 12.50 11.17 12.97 16.85 15.04 11.18 14.68 12.83 
46-4 9.42 11.95 10.68 14.22 16.72 15.44 11.47 14.34 12.72 
47-2 10.42 12.13 11.27 14.24 16.50 15.28 12.05 14.32 12.99 
48-5 9.46 11.54 10.50 13.52 15.83 14.56 11.20 13.68 12.24 
48-8 10.66 12.52 11.59 14.07 15.66 14.68 12.12 14.09 12.91 
50-1 9.09 11.18 10.13 13.47 15.98 14.54 10.96 13.58 12.02 
Mean 9.92 11.90 10.91 14.29 16.46 15.28 11.79 14.18 12.78 
Table 26* Analyses of variance of percent crude protein data combined over two years from reed 
canarygrass clonal lines and their topcross progenies, third cutting 
Mean squares 
Clones Progenies 
Source of Management I Management II Management I Management II 
variation d.f. m.s. d.f. m.s. d.f. m.s. d.f. m.s. 
Blocks (B) 2 1.5026 3 15.7034* 3 17.6573 2 3.6392 
Entries, clones or Prog., (B) 19 6.4305 19 11.3019** 19 1.0412 19 1.6774 
B x E 38 2.2356** 57 2.0284* 57 .9990 38 .5945 
Years (Y) 1 155.0414** 1 338.0260** 1 157.2717** 1 117.3745** 
Y x B 2 2.0736 3 1.5473 3 4.4022** 2 .4634 
Y x E 19 2.1464** 19 2.4349* 19 .6582 19 2.4793** 
Y x B x E 38 .7556 57 1.1288 57 .7192 38 .6254 
CV (%) 7.65 6.60 7.77 5.18 
*F value was significant at the .05 level of probability, 
value was significant at the .01 level of probability. 
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Table 27. Analyses of variance of percent crude protein data combined 
over two years and two management ..systems from reed canary-
grass clonal lines and their topcross progenies, third cutting 
Source of Mean squares 
variation d.f. Clones Progenies 
Managements (M) 1 1541.6106** 1309.5892** 
Blocks/M (B/M) 5 10.0231* 12.0501 
Entries, clones or Frog., (E) 19 15.4322** 1.6854 
S x M 19 2.3002 1.0333 
E x B/M 95 2.1113** .8372 
Years (Y) 1 486.1839** 274.6459** 
Y x M 1 6.8835 .0003 
Y x B/M 5 1.7578 2.8267** 
Y x E 19 3.4248** 1.9106** 
Y x E x M 19 1.1564 1.2269* 
Y x E x B/M 95 .9795 .6817 
CV (%) 7.03 6.46 
**F value was significant at the .01 level of probability. 
*F value was significant at the .05 level of probability. 
point out the necessity of testing over a range of environments in order 
to evaluate breeding material adequately. The clone x management inter­
action was nonsignificant indicating that differences among the various 
lines were relatively consistent under the two managements. The progeny 
X management interaction was also nonsignificant in the analysis over 
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Table 28. Genetic variances, heritability estimates, ratios of additive 
to total genetic variance and parent-progeny correlations cal­
culated from percent crude protein data combined over two 
years, third cutting* 
Management 
I II I & II 
combined 
Total genetic variance (Og) .4674 .9959 .7768 
Additive genetic variance 
2CovPC .2072 .5852 .3050 
4o| .4128 - .5140 -.1088 
Additive variance/total genetic variance 
2CovPC/aQ .44 .59 .39 
.11 -.52 -.14 
Heritability 
Broad-sense 
(mean basis) 
ph 
.44 .70 .70 
o^ o^ h (plot basis) .19 .34 .29 
Narrow-sense 
2CovPC/ .19 .41 .28 
.05 -.36 -.10 
Parent-progeny correlation (r) .28 .47* .42 
« variance component for clonal lines, o§ * variance component 
for progenies, CovPC • parent-progeny covariance, • phenotypic vari­
ance on a mean basis and » phenotypic variance on a plot basis. 
*r value was significant at the .05 level of probability. 
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years; however, the year x progeny x management Interaction was significant 
at the .05 level. 
Broad-sense heritabilities for percent crude protein ranged from 
.44 to .70. These values were somewhat lower than those obtained for 
forage yield, possibly because of the additional source of experimental 
error due to sampling and laboratory variability. Narrow-sense herit­
abilities calculated with 40p as an estimate of the additive genetic 
variance were inconsistent and were negative in two of the three instances. 
When 2CovPC was used to estimate the additive variance, heritability esti­
mates were .19, .41 and .28 for Managements I and II and for the data 
combined over managements, respectively. The parent-progeny correlation 
coefficient was significant (.05 level) for the Management 11 data only 
(r « .47). With the exception of 4o^ o^ , all heritability values as 
well as the parent-progeny correlation were higher for Management II 
than for Management I. 
In summary, protein content at the third cutting under both manager, 
ments was above the level required for maintenance of beef cattle (Nation­
al Academy of Sciences - National Research Council, 1963). However, 
these figures are indicative of the protein content early in the fall. 
Protein levels will likely decrease with longer periods of growth accum­
ulation, as indicated by the significant differences found between 
managements. 
Palatabilitv of third-cutting forage 
The results from the palatability trials, using rabbits in 1963 
and rabbits and sheep in 1964, are presented in Tables 29 through 31. 
Table 29. Relative palatability to rabbits of third cutting forage from reed canarygrass clonal 
lines and their topcross progenies, 1963 
Management 1 Management II 
Clonal Clones Progeny Clones Progeny 
no. Score* Rank Score Rank Score Rank Score Rank 
1-1 18.0 8 20.5 12 20.5 13 23.5 18 
2-1 18.0 8 20.0 11 17.0 8 18.5 11 
2-5 9.5 1 10.0 1 12.5 3 15.0 6 
3-5 21.5 15 13.5 3 24.0 17 23.5 18 
3-6 24.0 17 21.0 14 20.0 11 22.5 15 
6-3 12.5 4 17.5 9 11.5 1 14.0 3 
13-4 18.0 8 24.0 19 15.5 7 18.0 10 
15-1 12.0 3 17.0 8 24.0 17 22.5 15 
16-7 25.5 18 15.0 5 19.0 10 15.5 7 
19-6 26.5 19 23.5 17 14.0 5 15.5 7 
21-6 18.5 11 18.5 10 22.5 16 23.0 17 
23-4 18.5 11 15.0 5 14.5 6 16.5 9 
37-1 10.5 2 11.0 2 12.5 3 14.0 3 
42-6 18.5 11 23.5 17 20.5 13 22.0 14 
46-4 18.5 11 22.0 16 24.5 19 14.5 5 
47-2 22.0 16 20.5 12 17.0 8 11.0 2 
48-5 15.0 5 15.0 5 11.5 1 10.5 1 
48-8 17.5 6 13.5 3 21.0 15 20.5 12 
50-1 17.5 6 21.0 14 20.0 11 21.5 13 
F 9.25** 5.46** 6.20** 5.66** 
X 1 1 1 1 
*Lower score indicates a higher relative palatability. 
**F value was significant at the .01 level of probability. 
Table 30. Relative palatability to sheep and rabbits of dried third-cutting forage from the reed 
canarygrass clonal lines and their topcross progenies. Management I, 1964 
Clonal Sheep Rabbits 
no. Clones Progeny Clones Progeny 
Score* Rank Score Rank Score Rank Rank 
1963 
Score Rank Rank 
1963 
1-1 10.5 8 11.0 9 11.5 9 6 11.0 9 7 
2-5 4.0 1 5.0 2 4.0 1 1 6.0 3 1 
3-6 6.0 2 6.0 3 6.5 3 9 6.5 4 8 
6-3 6.0 2 4.0 1 5.5 2 4 4.5 1 5 
15-1 10.0 7 10.0 6 11.0 8 3 8.0 5 4 
21-6 9.0 6 10.0 6 9.5 7 7 10.5 7 6 
37-1 7.0 4 8.5 5 8.0 4 2 10.5 7 2 
42-6 12.0 9 10.0 6 8.0 4 7 10.0 6 9 
48-5 7.5 5 7.5 4 8.0 4 5 5.0 2 3 
F 10.50** 7.98** 6.00** 11.35** 
X. 1 1 1 1 
L^ower score indicates a higher relative palatability. 
**F value was significant at the .01 level of probability. 
Table 31. Relative palatablllty to sheep and rabbits of dried third-cutting forage from the reed 
canarygrass clonal lines and their topcross progenies. Management II, 1964 
Sheep Rabbits 
Clonal Clones Froxeny Clones Progeny 
no. Score" Rank Score Rank Score Rank Rank 
1963 
Score Rank Rank 
1963 
1-1 6.0 2 6.0 1 11.0 8 6 9.0 7 9 
2-5 9.0 6 6.0 1 4.0 1 3 6.5 2 4 
3-6 6.0 2 7.0 3 10.5 7 5 7.5 3 6 
6-3 5.0 1 7.0 3 6.0 2 1 11.0 9 2 
15-1 9.5 8 11.0 9 7.0 4 9 7.5 3 6 
21-6 9.0 6 9.0 6 8.5 6 8 9.5 8 8 
37-1 8.0 4 7.0 3 6.0 2 3 8^ 5 5 2 
42-6 8.5 5 9.0 6 8.0 5 6 4.0 1 5 
48-5 11.0 9 10.0 8 11.0 8 1 8.5 5 1 
F 1.55 1.15 7.07** 1.66 
1 1 1 1 
L^ower score indicates a higher relative palatability. 
**F value was significant at the .01 level of probability. 
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Correlation coefficients involving the palatability data from both years 
are presented in Table 32. Differences among both the clonal and progeny 
lines were significant (.01 level) under each management in the 1963 
rabbit trials. The parent-progeny correlation coefficient was significant 
at the .05 level for Management I (r « .49) and at the .01 level for 
Management 11 (r = .70). This indicates that palatability differences 
among the clonal lines were heritable. The correlation between manage­
ments was positive but nonsignificant for both the clonal and progeny 
data in 1963. This suggests that palatability differences are Influenced 
by the stage of development of the plant material. 
Nine clonal and progeny lines were selected for the 1964 sheep and 
rabbit trials. Significant differences (.01 level) were detected among 
the clonal and progeny lines by both sheep and rabbits in the Management 
1 trials (Table 30). When the forage from Management II was tested, 
differences among the entries were significant only in the rabbit trial 
on the clonal lines (Table 31). The parent-progeny correlation coeffi­
cients on the 1964 Management 1 data were .66 and .88 for the rabbits 
and sheep, respectively. The latter value was significant at the .01 
level and the former was near the .05 level of probability. The corre­
sponding correlation coefficients were .09 and .67 on the Management II 
data. The latter value was significant at the .05 level. When differ­
ences among both the clonal and progeny lines were significant (both 
managements, 1963 and Management I, 1964), the parent-progeny correlations 
were quite high. The sheep and rabbits made similar choices in the 1964 
Management I trials as indicated by the significant (.01 level) correlation 
coefficients (r » .80 and .85). However, in the Management II trials, 
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Table 32. Correlation coefficients calculated from palatability scores 
on the reed canarygrass clonal lines and their topcross 
progenies using rabbits in 1963 and rabbits and sheep in 1964 
d.f. r 
Rabbits 1963: 
Management I, clones vs progeny 17 .49* 
Management II, clones vs progeny 17 .70** 
Clones, Management I vs Management 11 17 .30 
Progeny, Management I vs Management II 17 .20 
Rabbits 1964: 
Management I, clones vs progeny 7 .66 
Management II, clones vs progeny 7 .09 
Clones, Management I vs Management II 7 .52 
Progeny, Management I vs Management II 7 -.20 
Sheep 1964: 
Management I, clones vs progeny 7 .88** 
Management II, clones vs progeny 7 .67* 
Clones, Management I vs Management II 7 .14 
Progeny, Management I vs Management II 7 .40 
Rabbits, 1963 vs 1964: 
Management I, clones 7 .23 
Management I, progeny 7 .26 
Management II, clones 7 .34 
Management II, progeny 7 - .26 
Rabbits vs Sheep, 1964 
Management I, clones 7 .80** 
Management I, progeny 7 .85** 
Management II, clones 7 -.03 
Management II, progeny 7 -.17 
*r value was significant at the .05 level of probability. 
**r value was significant at the .01 level of probability. 
where palatability differences were generally nonsignificant, there was 
essentially no relationship between the sheep and rabbit scores. As was 
the case in 1963, the correlation between managements was nonsignificant 
in all 1964 palatability trials. There was also a low relationship between 
the results of the 1963 and 1964 rabbit trials. This was possibly in­
fluenced by the fact that different animals were used each year. Consider­
ing the variability that existed in the forage yield and protein data 
between years, it appears more likely that the relative palatability of 
some entries varied from one year to the next. 
In summary, the methods used were successful in detecting heritable 
differences in palatability among the reed canarygrass lines. The data 
also indicate that stage of growth and year to year variation will have 
to be taken into account when selecting for improved palatability. 
Intercharacter correlations 
Intercharacter correlation coefficients are presented in Tables 33 
through 35. There was a close negative relationship between percent crude 
protein and forage yield of the clonal lines. The correlation coefficients 
were all significant at the .01 level and ranged from -.72 to -.91. A 
negative relationship between crude protein and forage yield was also 
found in the progeny data, however, the correlation coefficients were 
significant (.05 or .01 level) for the Management II data only. 
There was a tendency for the rabbits and sheep to show a preference 
for the lower yielding clonal lines in 1964. The correlation coefficients 
were significant (.05 level) for both managements in the rabbit trials 
and for Management I in the sheep trial. It will be recalled that, in 
Table 33. Intercharacter correlation coefficients calculated from third-cutting data from reed 
canarygrass clonal lines 
Management I Management II 
Managements 
combined 
Characters correlated d.f. 1963 1964 1963-64 1963 1964 1963-64 1963-64 
Crude protein vs 
forage yield 
Palatablllty (rabbits) vs 
forage yield 
Palatablllty (sheep) vs 
forage yield 
Palatablllty (rabbits) vs 
crude protein 
Palatablllty (sheep) vs 
crude protein 
18 
17 
7 
17 
7 
— #72** —#90^ * — #86** —#76** —#91** —#87** —#89** 
.29 
-.07 
#72* 
#79* 
-.57 
- .64 
#31 
-#06 
#79* 
#02 
-#52 
- .16 
**r value was significant at the .01 level of probability# 
*r value was significant at the .05 level of probability. 
Table 34. Intercharacter correlation coefficients calculated from third-cutting data from reed 
canarygrass topcross progenies 
Management I Management II 
Managements 
combined 
Characters correlated d.f. 1963 1964 1963-64 1963 1964 1963-64 1963-64 
Crude protein vs 
forage yield 
Palatablllty (rabbits) vs 
forage yield 
Palatablllty (sheep) vs 
forage yield 
Palatablllty (rabbits) vs 
crude protein 
Palatablllty (sheep) vs 
crude protein 
18 
17 
7 
17 
7 
- .26  
.22 
- . 2 1  
.13 
.59 
.46 
.31 
.43 
-.07 -.55* -.66** -.61** 
-.43 
.09 
.38 
.11 
- .44 
-.04 
.28 
*r value was significant at the .05 level of probability. 
**r value was significant at the .01 level of probability. 
Table 35* Correlation coefficients between date of heading and forage yield of reed canarygrass 
clonal lines and their topcross progenies, 1964* 
Management I Management II Managements combined 
First Second Third Annual First Second Third Annual First Second Third Annual 
cut cut cut yield cut cut cut yield cut cut cut yield 
Date of heading (1964) vs forage yield (1964) 
Clones -.44 .36 .44 .14 -.17 .34 .23 .15 -.32 .37 .39 .16 
Progeny -.08 .33 .17 .12 -.87** .11 -.06 -.61** -.70** .21 .10 -.31 
*There were 17 degrees of freedom associated with all correlations. 
**r value was significant at the .01 level of probability. 
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sheep trials, differences in palatability scores among the clonal lines 
were nonsignificant under Management 11. These correlations were non­
significant for the 1964 progeny data and for both the clonal and progeny 
lines in 1963. It should be realized that because of the limited number 
of entries involved, the preceding correlation coefficients should be 
Interpreted with caution. 
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GENERAI DISCUSSION 
A common procedure in forage grass breeding is to combine clones, 
previously selected on the basis of general combining ability, into a 
synthetic variety. Since clones are evaluated for general combining 
ability on the basis of progeny performance, the efficiency of selection 
is dependent to a large extent upon the genetic variability among the 
progeny lines. In this study, statistically significant differences 
were found among the clonal lines but not among their topcross progenies 
in all analyses of the annual forage yield data combined over years. 
It may be more efficient in situations of this nature to select on the 
basis of clonal performance (in solid stands) per se. It should be 
pointed out, however, that some of the variation among clones would be 
conditioned by nonadditive genetic effects. Selection on the basis of 
progeny performance, on the other hand, theoretically should be for dif­
ferences due to additive effects. Therefore, more genetic gain per cycle 
should be made using progeny tests, providing there is sufficient genetic 
variability among the progenies to facilitate selection. However, progeny 
testing requires more time per cycle and less gain may actually be 
realized in the long run. It is evident that more information is needed 
concerning the relative merits of these procedures. 
Since the additive variance appears to constitute less than half of 
the total genetic variance, efforts should be made to take advantage of 
both the nonadditive and additive effects. It would seem reasonable that, 
in the later stages of a breeding program, the selected clonal lines 
should be tested in all possible hybrid combinations. Some combinations 
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may exhibit sufficient superiority to make the commercial utilization of 
Fjj^  hybrids feasible. However, problems dealing with the establishment of 
large numbers of vegetative propagules in the production of hybrid seed, 
would have to be overcome. It is noteworthy that reed canarygrass is 
relatively easy to propagate vegetatively. 
The entry x management and year x entry x management interactions 
generally were nonsignificant in analyses of the forage yield data. This 
indicates that the relative performance of the reed canarygrass lines was 
quite consistent under the two management systems. It would appear, that, 
in general, the same selections would be superior in yield under any 
management system within the range of those used in this study. 
The significant (.01 level) clone x cutting and progeny x cutting 
interactions in the analyses of the forage yield data combined over years 
and managements indicates differential forage yields at the three cutting 
dates. This was supported by the fact that the expected genetic advance 
was greater if selection was based on data from each cutting. Parent-
progeny correlations and narrow-sense herltabilities were generally 
slightly higher for each cutting than for annual yield. This suggests 
that, when the breeder is Interested in inqirovlng yield at a particular 
time during the growing season, he should select at that time. Thus, 
selection should be practiced in the fall when attempting to develop a 
superior yielding variety for extending the grazing season. Selection 
based on annual yield may not result in the best yielding type at a 
particular time during the season. 
In this study, spring vigor was noticeably less when the preceding 
fall cutting was made after the shorter regrowth period. This would 
94 
appear to be due to a lower level of reserve carbohydrates In the plants 
at the time of the third cutting. This would be an important considera­
tion in a fall grazing program especially in areas where winters are 
quite severe. 
The negative relationship between crude protein and forage yield 
suggests that increases in protein content through selection may be 
accompanied by a reduction in forage yield. Since the protein levels 
under the management systems used in this study were above the minimum 
requirements for beef cattle, emphasis should probably be placed on 
other attributes* If protein content is low in a strain which excels in 
other attributes, utilization of the forage at an earlier stage of develop­
ment probably should be considered. 
The heritable variation in palatability indicates that some progress 
can be made in improving this trait in reed canarygrass. However, before 
any large scale breeding program is initiated, it should be determined 
whether animals give better performance when confined to the more 
palatable selections as compared with the less palatable selections. The 
relationship between this attribute and other important characters should 
be thoroughly studied. Palatability gains made at the expense of char­
acters, such as forage yield, may actually be detrimental in the long 
run. Additional work should be done on the nature of palatability 
differences. If an unpalatable substance is involved as suggested by 
Roe and Mottershead (1962), efforts should be made to isolate and identify 
this constituent. Selection could then be based to some extent on chemical 
analyses. 
The palatability differences associated with length of the regrowth 
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period and stage of maturity, observed In trials on the four species, are 
In good agreement with previous work (Beaumont ^  al., 1933 and Burton, 
1956). The consistency of these results from year to year also bear out 
the effectiveness of the method used In this study. One advantage of the 
procedure Is that each animal Is offered only three entries at a time. 
This aids in differentiating among a large number of lines. It was also 
possible to obtain an accurate measure of the forage consumed by the 
test animals. This is often difficult to do in a grazing trial. Con­
tamination by urine and feces is also a problem in grazing trials. 
On the other hand, a cafeteria trial utilizing dried forage may 
not give a true picture of what occurs under grazing. Changes may take 
place during the drying process which may affect the relative palat-
abillty of the forage. The amount of forage was adequate for the rabbit 
trials; however, it would be advisable to use a larger amount in future 
trials with sheep and cattle. 
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SUMMARY AND CONCLUSIONS 
1. Twenty clonal lines of reed canarygrass, Phalaris arundinacea L., 
and their topcross progenies were evaluated under two clipping management 
systems designed primarily to compare two growth accumulation periods for 
the third (fall) cutting. The first two cuttings under Management 1 were 
made earlier than under Management 11 in order that growth for the fall 
cutting could accumulate a month longer. Objectives were to investigate 
the genetic variability in forage yield, percent crude protein, and 
palatability over a two-year period. Intercharacter relationships also 
were studied. Fischer smooth bromegrass. Sterling orchardgrass, loreed 
reed canarygrass, and Âlta tall fescue were included for comparative 
purposes. 
2. The mean third-cutting forage yields of the four species were 
1.71 and 1.17 tons per acre under Managements 1 and 11, respectively. The 
year x species x management interaction was significant (.01 level) 
indicating differential third-cutting yields among the species in the 
different year-management combinations. Reed canarygrass and tall fescue 
had the highest third-cutting forage yields under Managements I and II, 
respectively. Bromegrass produced the highest first-cutting and lowest 
aftermath yields. The mean annual yields were 3.10, 3.78, 4.18, and 4.10 
tons per acre for bromegrass, orchardgrass, reed canarygrass and tall 
fescue, respectively. The year x species interaction was significant 
(.01 level) at all three cuttings and for annual yield in the analyses of 
the data combined over managements. 
3. The protein content of the four species consistently decreased 
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with longer periods of dry matter accumulation, as indicated by the 
significant difference between managements at all three cuttings. There 
tended to be a negative relationship between percent crude protein and 
stage of development at the first cutting and between protein and forage 
yield at all three cuttings. 
4. Falatabillty of the four species tended to decrease with advance 
in stage of development and with longer periods of growth accumulation. 
The palatablllty of reed canarygrass compared favorably with that of 
the other three species, with the exception of bronagrass at the second 
cutting. 
5. The genetic variability in forage yield was considerably greater 
among the clonal lines than among the topeross progenies. The variance 
component for the clonal lines calculated from the forage yield data 
combined over years and managements was .0327, .0243, .0387, and .0195 
for each of the three cuttings and annual yield, respectively. The cor­
responding values for the topeross progenies were .0026, .0018, -.0006 
and -.0001. The differences among the clonal and progeny lines were 
generally similar under the two management systems. Significant clone x 
cutting and progeny x cutting interactions indicated that the entries 
yielded differentially at the three cutting dates. 
6. Heritablllty values were calculated from the forage yield data 
combined over years for each cutting and for annual yield. Broad-sense 
heritabllities calculated on a mean basis from the yield data combined 
over managements ranged from .77 to .88. Values confuted on a plot basis 
were approximately half as large. Heritablllty in the narrow sense 
obtained by doubling the regression of progeny on parents ranged from .33 
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to .44 on a per cutting basis and was .33 for annual yield. The additive 
genetic variance (2CovPC) constituted from 40 to 57 percent of the total 
2 genetic variance. Estimates of the additive variance computed as 4op were 
highly variable and generally lower than 2CovFC. Parent-progeny correla­
tions computed from the yield data combined over managements were 
significant (.05 or .01 level) and ranged from .56 to .63. The predicted 
annual yield (over managements) of a synthetic variety produced by combin­
ing the four highest yielding clonal lines was 104 percent of the clonal 
mean. 
7. Significant differences in protein content were found among the 
clonal lines but differences among the topcross progenies were nonsignifi­
cant in all analyses over years. The year x clone and year x progeny 
interactions were significant (.01 level) when the data were combined over 
managements. Under both managements, the protein levels at the third 
cutting were above the minimum requirements for maintaining beef cattle* 
Broad-aense herltablllty values were generally somewhat less for the 
protein data than for forage yield. These values on a mean basis ranged 
from .44 to .70. Narrow-sense heritabillties (2CovPC/o^ ) were .19, .41 
and .28 for Managements 1 and 11 and for the data combined over manage-
2 
ments, respectively. As was the case for forage yield, 4ap was highly 
variable and considerably lower than 2CovPC. The parent-progeny correla­
tion was significant for the Management II data only (r = .47). There 
was a negative relationship between percent crude protein and forage 
yield. This relationship was particularly close for the clonal lines. 
8. Third-cutting forage from 19 reed canarygrass clonal lines and 
their progenies was tested for palatablllty utilizing rabbits in 1963. 
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Significant differences (.01 level) were found among both the clonal and 
progeny lines. The parent-progeny correlation was significant at the .05 
level under Management I (r = .49) and at the .01 level under Management 
II (r = .70). The correlation between managements was positive but non­
significant for both the clonal and progeny data. In 1964, third-cutting 
forage from nine clonal lines and their progenies was tested for palat­
ablllty using both rabbits and sheep. Significant differences were found 
among the clonal and progeny lines in both the sheep and rabbit trials 
involving forage from Management I. The parent-progeny correlation coef­
ficient was near the .05 level of probability for the rabbit trials 
(r « .66) and was significant at the .01 level for the sheep trials 
(r " .88). The correlations between the results from the rabbit and 
sheep trials under Management I were significant at the .01 level (r " 
.80 for the clones and .85 for the progenies). Differences among the 
entries were generally nonsignificant in the 1964 Management II trials. 
Parent-progeny correlations and correlations between rabbit and sheep 
trials also were quite low under Management II. The correlation between 
the 1963 and 1964 rabbit trials was nonsignificant Indicating that 
selection for Improved palatablllty should be based on results from more 
than one year. 
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APPENDIX 
Table 36. Analyses of variance of forage yield data from four grass species at each harvest date 
In each year 
Mean squares 
1963 1964 
Source of 
variation d.f. 
First 
cut 
Second 
cut 
Third 
cut 
Annual 
yield 
First 
cut 
Second 
cut 
Third 
cut 
Annual 
yield 
Management 1 
Blocks (B) 3 .1538* .0043 .1680 .4326 .1193** .0046 .1360 .4883 
Species (S) 3 .3997** .0817* 2.7960** 1.7684** .0232 .0783* .7564** 1.1474** 
B X S 9 .0375 .0133 .0487 .1278 .0145 .0139 .0604 .1594 
CV (%) 16.27 16.96 9.81 8.66 11.05 14.20 21.01 12.92 
Management 11 
Blocks (B) 3 .0993 .0586 .0710 .2480** .1916 .1391** .0398 .1832* 
Species (S) 3 .8372** .1079* .6019** .2542** .1005 .9421** .6281** 2.8936** 
B X S 9 .0420 .0187 .0193 .0250 .0702 .0095 .0141 .0385 
CV (%) 10.78 11.30 9.08 3.41 17.91 9.47 14.65 5.93 
*F value was significant at the .05 level of probability. 
**F value was significant at the .01 level of probability. 
Table 37. Analyses of variance of forage yield data cord)lned over managements In each year from 
four grass species 
Mean squares 
1963 1964 
Source of First Second Third Annual First Second Third Annual 
variation d.f. cut cut cut yield cut 
t* 
cut yield 
Managements (M) 1 3.9973** 2.2525** 4.2123** 2.0961* 1.1781* .3321 1.0585* .4005 
Blocks/M (B/M) 6 .1266* .0314 .1195* .3403* .1555* .0718** .0879 .3358* 
Species (S) 3 1.1848** .1809** 2.4731** .8068** .0583 .7765** 1.3514** 3.7182** 
S X M 3 .0522 .0087 .9248** 1.2158** .0655 .2439** .0331 .3228* 
S x B/M 18 .0397 .0160 .0340 .0764 .0424 .0117 .0372 .0990 
cv (X) 12.85 13.32 9.76 6.31 16.09 11.63 19.48 9.83 
**P value was significant at the .01 level of probability. 
*F value was significant at the .05 level of probability. 
Table 38. Analyses of variance of percent crude protein data from four grass species at each 
harvest date in each year 
Mean squares 
1963 1964 
Source of First Second Third First Second Third 
variation d.f. cut cut cut cut cut cut 
Management I 
Blocks (B) 3 1.0401* 4.2253 1.1735 4.5171 5.9118** 2.0318 
Species (S) 3 11.7003** 5.3181* 14.1572** 6.2838 6.2478** 60.5106** 
B X S 9 .2751 1.3737 1.0061 2.7157 .6881 1.1857 
CV (%) 3.12 6.79 8.21 10.53 4.73 6.97 
Management II 
Blocks (B) 3 1.3585* 1.9605* 2.0372 2.9019* 3.4304* 2.8560* 
Species (S) 3 4.6912** 2.0451* 29.6777** 10.1135** 36.7231** 47.9226** 
B X S 9 .2592 .4036 1.0868 .6974 .6026 .4366 
CV (%) 4.53 5.06 6.43 7.62 5.96 3.49 
*F value was significant at the .05 level of probability. 
**F value was significant at the .01 level of probability. 
Table 39. Analyses of variance of percent crude protein data combined over managements In each 
year from four grass species 
Mean squares 
1963 1964 
Source of First Second Third First Second Third 
variation d • f • cut cut cut cut cut cut 
Managements (M) 1 249.8730** 177.4257** 128.7210** 175.9688** 162.7659** 86.7904** 
Blocks/M (B/M) 6 1.1993** 3.0929* 1.6054 3.7095 4.6711** 2.4439* 
Species (S) 3 13.6217** 4.4735* 35.4600** 14.1200** 34.3069** 104.6806** 
S x M 3 2.7698** 2.8897* 8.3749** 2.2773 8.6640** 3.7526* 
S x B/M 18 .2672 .8886 1.0464 1.7065 .6454 .8111 
CV (%) 3.69 6.32 7.20 9.82 5.26 5.21 
**F value was significant at the .01 level of probability. 
*F value was significant at the .05 level of probability. 
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Table 40. Date of heading of reed canarygrass clonal lines and topcross 
progenies, 1964 
Days after April 30 
Clonal no. Clones Progenies 
1-1 26 30 
2-1 25 30 
2-5 a 33 
3-3 23 27 
3-5 27 32 
3-6 23 28 
6-3 24 28 
13-4 24 27 
15-1 24 26 
16-7 25 26 
19-6 25 28 
21-6 25 30 
23-4 22 24 
37-1 26 32 
42-6 24 31 
46-4 23 26 
47-2 23 25 
48-5 25 27 
48-8 24 28 
50-1 26 31 
Mean 24 28 
*2-5 (clones) did not reach heading stage prior to first cutting 
date (June 4, 1964). 
Table 41. Mean forage yield of reed canarygrass clonal lines, 1963 
Tons of oven-dry forage per acre 
Management I Management II Managements combined 
Clonal First Second Third Annual First Second Third Annual First Second Third Annual 
no. cut cut cut yield cut cut cut yield cut cut cut yield 
1-1 1.14 .90 2.18 4.22 2.26 1.11 1.54 4.91 1.70 1.00 1.86 4.57 
2-1 1.18 .72 1.96 3.86 1.89 1.16 1.35 4.39 1.54 .94 1.65 4.13 
2-5 .80 .71 2.06 3.58 1.44 1.05 1.13 3.62 1.12 .88 1.60 3.60 
3-3 1.10 .95 2.67 4.72 1.70 1.59 1.69 4.97 1.40 1.27 2.18 4.85 
3-5 1.06 1.08 2.90 5.05 1.65 1.47 1.78 4.91 1.36 1.28 2.34 4.98 
3-6 1.14 .85 2.21 4.19 2.04 1.25 1.59 4.88 1.59 1.05 1.90 4.54 
6-3 1.19 1.06 2.45 4.70 2.20 1.15 1.35 4.70 1.69 1.10 1.90 4.70 
13-4 1.03 .68 2.58 4.29 1.83 1.20 1.31 4.34 1.43 .94 1.94 4.31 
15-1 1.17 1.25 2.99 5.41 1.98 1.58 1.60 5.16 1.58 1.41 2.29 5.29 
16-7 1.42 .68 3.17 5.27 2.30 1.26 1.43 4.99 1.86 .97 2.30 5.13 
19-6 .80 .85 3.00 4.64 1.53 1.19 1.41 4.13 1.16 1.02 2.20 4.39 
21-6 1.11 .78 2.79 4.67 1.83 1.32 1.56 4.70 1.47 1.05 2.17 4.69 
23-4 1.00 .84 2.36 4.19 1.57 1.15 1.20 3.91 1.28 .99 1.78 4.05 
37-1 .88 1.10 2.71 4.70 2.04 1.57 1.67 5.29 1.46 1.34 2.19 4.99 
42-6 1.14 1.27 3.07 5.48 2.28 1.44 2.00 5.72 1.71 1.36 2.54 5.60 
46-4 1.24 1.00 2.56 4.79 2.22 1.46 1.33 5.02 1.73 1.23 1.94 4.90 
47-2 1.14 .85 3.00 4.99 1.85 1.32 1.82 4.99 1.49 1.08 2.41 4.99 
48-5 1.36 1.04 2.92 5.32 2.09 1.38 1.80 5.27 1.72 1.21 2.36 5.29 
48-8 1.75 .91 2.83 5.49 2.56 1.25 1.61 5.42 2.15 1.08 2.22 5.45 
50-1 1.16 1.14 3.04 5.34 2.20 1.55 1.75 5.50 1.68 1.34 2.40 5.42 
Mean 1.14 .93 2.67 4.74 1.97 1.32 1.55 4.84 1.56 1.13 2.11 4.79 
Table 42. Mean forage yield of reed canarygrass topcross progenies, 1963 
Tons of oven-dry forage per acre 
Management I Management II Managements combined 
Clonal First Second Third Annual First Second Third Annual First Second Third Annual 
no. cut cut cut yield cut cut cut yield cut cut cut yield 
1-1 .84 .90 3.06 4.79 1.26 1.24 1.36 3.86 1.05 1.07 2.21 4.33 
2-1 .97 .94 3.26 5.17 1.42 1.28 1.63 4.34 1.20 1.11 2.44 4.75 
2-5 .80 .87 2.91 4.58 1.41 1.10 1.37 3.88 1.10 .98 2.14 4.23 
3-3 .88 .92 2.86 4.67 1.37 1.38 1.42 4.16 1.13 1.15 2.14 4.42 
3-5 .76 .94 3.27 4.97 1.18 1.32 1.39 3.90 .98 1.13 2.33 4.43 
3-6 .81 .84 2.78 4.42 1.40 1.36 1.56 4.32 1.10 1.10 2.17 4.37 
6-3 .68 .87 2.94 4.49 1.37 1.30 1.44 4.11 1.03 1.08 2.19 4.30 
13-4 .76 .81 2.82 4.40 1.41 1.34 1.58 4.34 1.09 1.08 2.20 4.36 
15-1 .78 .99 3.06 4.82 1.63 1.40 1.52 4.55 1.21 1.19 2.29 4.69 
16-7 .88 .90 3.22 5.00 1.70 1.36 1.70 4.77 1.29 1.13 2.46 4.88 
19-6 .71 .93 3.28 4.92 1.35 1.36 1.54 4.26 1.03 1.15 2.41 4.59 
21-6 .83 .85 3.00 4.68 1.21 1.32 1.43 3.97 1.02 1.09 2.22 4.32 
23-4 .78 .83 2.84 4.46 1.41 1.25 1.41 4.06 1.10 1.04 2.13 4.26 
37-1 .69 1.04 2.98 4.71 1.28 1.35 1.50 4.13 .99 1.19 2.24 4.42 
42-6 .86 .98 3.11 4.94 1.44 1.38 1.56 4.37 1.14 1.18 2.34 4.66 
46-4 .80 .85 3.06 4.72 1.26 1.28 1.40 3.94 1.04 1.06 2.23 4.33 
47-2 .74 .92 3.24 4.90 1.38 1.39 1.72 4.49 1.06 1.15 2.48 4.70 
48-5 .70 .85 2.84 4.39 1.57 1.32 1.76 4.65 1.14 1.09 2.30 4.52 
48-8 .93 .77 2.91 4.61 1.53 1.31 1.51 4.35 1.23 1.04 2.21 4.48 
50-1 .96 1.07 3.17 5.21 1.53 1.31 1.51 4.35 1.24 1.19 2.34 4.78 
Mean .81 .90 3.03 4.74 1.41 1.32 1.52 4.24 1.11 1.11 2.27 4.49 
Table 43. Mean forage yield of reed canarygrass clonal lines, 1964 
Tons of oven-dry forage per acre 
Management I Management II Managements combined 
Clonal First Second Third Annual First Second Third Annual First Second Third Annual 
no. cut cut cut yield cut cut cut yield cut cut cut yield 
1-1 .84 1.08 1.27 3.19 1.52 1.48 .89 3.88 1.18 1.28 1.08 3.54 
2-1 .79 .94 .93 2.65 1.66 1.61 .83 4.09 1.22 1.27 .88 3.37 
2-5 .93 .76 .74 2.43 1.29 1.01 .48 2.78 1.11 .89 .61 2.61 
3-3 .94 1.00 1.49 3.44 1.32 1.78 .99 4.08 1.13 1.39 1.24 3.76 
3-5 .69 1.06 1.60 3.35 1.16 1.72 1.02 3.90 .92 1.39 1.31 3.63 
3-6 1.15 1.00 1.08 3.22 1.74 1.62 1.13 4.48 1.44 1.31 1.10 3.85 
6-3 1.17 1.10 1.14 3.41 1.78 1.57 .82 4.17 1.48 1.34 .98 3.79 
13-4 .93 .74 .80 2.47 1.66 1.38 .62 3.67 1.30 1.06 .71 3.07 
15-1 1.25 1.30 1.42 3.98 1.83 1.88 .85 4.56 1.54 1.60 1.14 4.27 
16-7 1.10 .89 1.36 3.36 1.86 1.58 .96 4.39 1.48 1.23 1.16 3.87 
19-6 .72 .92 1.27 2.91 1.21 1.59 .86 3.67 .97 1.26 1.06 3.29 
21-6 1.00 1.06 1.55 3.61 1.72 1.83 1.04 4.58 1.36 1.44 1.29 4.10 
23-4 .98 .90 1.07 2.95 1.42 1.36 .79 3.57 1.20 1.13 .93 3.26 
37-1 .78 1.28 1.40 3.46 1.79 2.15 .94 4.88 1.28 1.72 1.17 4.17 
42-6 1.09 1.13 1.51 3.73 1.79 1.68 .90 4.36 1.44 1.40 1.20 4.04 
46-4 1.26 1.02 1.29 3.56 1.94 1.83 .90 4.67 1.60 1.42 1.10 4.12 
47-2 .98 .96 1.31 3.24 1.40 1.63 1.05 4.07 1.19 1.29 1.18 3.66 
48-5 1.37 1.06 1.36 3.80 1.70 1.63 1.10 4.43 1.54 1.35 1.23 4.12 
48-8 1.38 1.00 1.32 3.71 1.75 1.60 .85 4.20 1.56 1.30 1.09 3.95 
50-1 .90 1.21 1.68 3.79 1.37 1.92 1.16 4.45 1.14 1.56 1.42 4.12 
Mean 1.01 1.02 1.28 3.31 1.60 1.64 .91 4.15 1.30 1.33 1.09 3.73 
Table 44. Mean forage yield of reed canarygrass topcross progenies, 1964 
Tons of oven-dry forage per acre 
Management I Management II Managements combined 
Clonal First Second Third Annual First Second Third Annual First Second Third Annual 
no. cut cut cut yield cut cut cut yield cut cut cut yield 
1-1 .86 .96 1.44 3.26 .92 1.55 .83 3.30 .89 1.25 1.14 3.28 
2-1 .85 .96 1.41 3.22 1.00 1.38 .80 3.18 .92 1.17 1.11 3.20 
2-5 .98 .94 1.46 3.38 .89 1.55 .87 3.31 .94 1.24 1.16 3.34 
3-3 .94 1.00 1.41 3.34 1.12 1.67 .92 3.71 1.02 1.33 1.17 3.53 
3-5 1.04 1.03 1.58 3.65 .81 1.53 1.00 3.34 .93 1.28 1.29 3.50 
3-6 .94 .91 1.24 3.09 1.16 1.57 1.01 3.74 1.05 1.24 1.12 3.42 
6-3 .89 .98 1.37 3.24 1.14 1.62 .87 3.63 1.02 1.30 1.12 3.43 
13-4 .90 .92 1.49 3.31 1.14 1.64 .91 3.70 1.02 1.28 1.20 3.50 
15-1 .92 .99 1.50 3.41 1.21 1.59 .91 3.71 1.07 1.29 1.20 3.56 
16-7 .99 .94 1.52 3.46 1.36 1.58 .96 3.90 1.17 1.26 1.24 3.68 
19-6 .74 .98 1.16 2.87 1.10 1.66 .93 3.70 .92 1.32 1.05 3.29 
21-6 .93 .94 1.54 3.40 1.06 1.71 1.00 3.78 1.00 1.33 1.27 3.59 
23-4 .94 .98 1.50 3.42 1.38 1.58 .91 3.86 1.16 1.28 1.21 3.64 
37-1 .96 1.05 1.58 3.60 .96 1.68 1.00 3.64 .96 1.37 1.30 3.62 
42-6 .85 1.00 1.40 3.25 1.02 1.69 .79 3.50 .94 1.34 1.09 3.37 
46-4 .89 .94 1.42 3.26 1.24 1.40 .92 3.56 1.07 1.17 1.17 3.41 
47-2 1.06 1.03 1.51 3.59 1.23 1.66 .96 3.86 1.14 1.34 1.24 3.72 
48-5 1.04 .96 1.36 3.36 1.19 1.52 .95 3.65 1.12 1.24 1.16 3.51 
48-8 1.18 .94 1.42 3.53 1.17 1.42 1.08 3.67 1.18 1.18 1.25 3.60 
50-1 1.09 1.07 1.55 3.71 1.12 1.57 .98 3.67 1.10 1.32 1.26 3.69 
Mean .95 .98 1.44 3.37 1.11 1.58 .93 3.62 1.03 1.28 1.19 3.49 
Table 45* Analyses of variance of forage yield data combined over two management systems in each 
year from reed canarygrass clonal lines 
Mean squares 
1963 1964 
Source of First Second Third Annual First Second Third Annual 
variation d.f. cut cut cut yield cut cut cut yield 
Managements (M) 1 27.7306** 6.0567* 50.6813** .1232 13.5722** 15.4443** 5 .5354** 9.2269** 
Blocks/M (B/M) 6 .3611** .5341** .1753* .5451** .4971** .0621** .2694** .4774** 
Clones (C) 19 .4652** .2125** .5742** .7249** .3219** .2690** .3087** .4992** 
C X M 19 .0713 .0367* .1646* .0745 .0675 .0441* .0592** .0660 
C x B/M 114 .0508 .0207 .0772 .0855** .0532 .0200 .0250 .0593** 
Cuts (D) 2 38.7943** 2.6798** 
D x M 2 42.1727** 12.6625** 
D x B/M 12 .2627** .1756** 
D x C 38 .2635** .2002** 
D x C x M 38 .0991** .0524** 
D x C x B/M 228 .0316 • .0195 
CV (%) 14.45 12.73 13.17 11.11 17.75 10.63 14.50 11.26 
**P value was significant at the .01 level of probability. 
*t value was significant at the .05 level of probability. 
Table 46. Analyses of variance of forage yield data combined over two management systems in each 
year from reed canarygrass topcross progenies 
Mean squares 
1963 1964 
Source of First Second Third Annual First Second Third Annual 
variation d.f. cut cut cut yield cut cut cut yield 
Managements (M) 1 14.2802** 6.8641** 91 .8544** 3.3818 1.0417 14.5564**10 00
 
0
 
1
 
.8518 
Blocks/M (B/M) 6 .7819** .2282** 1 .0139 1.3212** .8590** .1943** .2959** .9344** 
Progenies (P) 19 .0636** .0267* .0990 .0993* .0701* .0272** .0393** .0592 
P X M 19 .0387 .0148 .0694 .0734 .0566 .0170* .0288** .0469 
P X B/M 114 .0256 .0131 .0607 .0534** .0349 .0097 .0130 .0352** 
Cuts (D) 2 72.2769 2.4892** 
D x M 2 54.8085** 12.6135** 
D x B/M 12 .3514 .2074** 
D x P 38 .0450** .0387** 
D x P x M 38 .0248 .0278** 
D x P x B/M 228 .0231 .0112 
CV (%) 14.41 10.32 10.85 10.16 18.14 7.70 9.58 9.12 
**F value was significant at the .01 level of probability. 
*F value was significant at the .05 level of probability. 
